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CHAPTER-1 
INTRODUCTION 
1.1 BACKGROUND INFORMATION 
Deeply moved by the economic and educational backwardness of 
his community after the revolt of 1857, Sir Syed Ahmad Khan was quick 
to realize that in order to arrest the rapid decline of the community and 
set it back on its feet, it was necessary to forge new weapons of cultural 
progress. His exposure to the British Universities, particularly those at 
Oxford and Cambridge, and their public schools, inspired his with a new 
vision of a harmonious pattern of culture, combining the best elements in 
the cultures of the East with the Arts and Sciences of the West. 
In 1875 he founded a High School at Aligarh, which within three 
years, was raised to a college known as Mohammadan Anglo-oriental 
College. The Aligarh Muslim University established by the Aligarh 
Muslim University Act of 1920 evolved out of this college. 
In the original scheme of the M.A.O, College, there was no 
provision for women's education, but there was so much demand for it 
that in 1942 the Muslim Girls' school was raised to the status of a full-
fledged degree college for women. Since the adoption of the Act of 1951, 
which empowered the university to make special arrangements in respect 
of residence, discipline and teaching of women students, the college taken 
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over by the University and is now one of the several institutions 
maintained by it. 
The Aligarh Muslim University maintains several college and 
institutes, important among which are the Zakir Hussain College of 
Engineering and Technology, the Ajmal Khan Tibbiya College, the 
Jawaharlal Nehru Medical College, the Institute of Ophthalmology, the 
Institute of Islamic College, the center of West Asian Studies, the Center 
for Advanced Studies in History, the University Polytechnic, the 
University Women's Polytechnic and five high schools including one for 
blind students. 
The Aligarh Muslim University is essentially a residential 
university with most of its over 27000 students staying in 69 hostels 
grouped under 16 hall of Residence, including Non Resident Student 
Center (NRSC). Our students represent 28 states of the country and many 
foreign countries. Three halls of residence with an intake of over 3000 
are earmarked for the female students. The residential character of the 
university, as envisioned by the founder, has contributed as much to the 
all round personality development and moral and intellectual training of 
the students as the classrooms, laboratories and playgrounds. As a 
premier education institution the university foster a rich and stimulating 
teaching, learning and research environment at all levels. 
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Another unique feature of the Aligarh Muslim University is its 
maintenance of several schools right from Nursery to Senior Secondary 
level. Five Secondary level schools have students' enrolment of 6567, the 
oldest of which was started in 1875. Two of them are for the girls and one 
for the visually challenged persons. There are two senior Secondary 
Schools, one each for boys and girls, with strength of 2733, All these 
schools serve as feeder institutions for the University and therefore, 
deserve greater attention for bringing them at par with the best schools in 
the country. 
The University has eight centers under UGC's Special Assistance 
Programme in the Departments of Arabic, Geography, Persian, 
Muscology, Linguistics, History, Biochemistry and Electronics. The 
Departments of Persian, Electronics Engineering and Linguistics have 
been accorded Departmental Research Scheme status during the last 
tlnancial year. The Department of History enjoys the privileged status of 
Center of Advanced Studies, Recently the Department of Zoology has 
been selected by the Department of Science and Technology under its 
FIST programme with a generous grant of Rs. 60 lakhs. 
In line with the 10 '^' Five Year Plan guidelines for quality research, 
university continues to encourage our teachers and research scholars to 
submit research proposals to such funding agencies as UGC, AICTE, 
DST, CSIR, ICMR, ICAR, ICSSR, ICPR, DBT etc. and over 150 such 
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projects have been approved by these agencies. In addition, about 100 
teachers were also given small grants for taking up individual research 
projects out of non-plan budget of the University. 
The Maulana Azad Library, with its rich collection of around one 
million titles and invaluable oriental manuscripts, continues to be 
intensively utilized by the students, teachers and visiting, scholars. What 
is more gratifying is that the Library with its extended opening hours 
provides uninterrupted access and maximum utilization of its vast 
resources. Already on the road to automation, the library has made steady 
progress in computerization. About 1800 journals in various disciplines 
are available online. Further up gradation of the library in this direction is 
in progress. It has been made digital under the UGC'S ERNET scheme 
and downloading of journals has become easier. 
The University has 12 faculties, namely Agricultural Science, Arts, 
Commerce, Engineering & technology, Law, Life Sciences, Medicine, 
Management Studies & Research, Science, Social Sciences, Theology and 
Unani Medicine. 
There are nineteen-one Departments of studies. The department of 
Statistics and O.R. is one of nineteen-one Departments of studies.' 
1.2 Department of Statistics and Operations Research 
1. BRIEF BACKGROUND: The Statistics as a subject of study was 
introduced at graduate level in the Department of Mathematics and 
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Statistics of this university way back in early 50's. It had been a pioneer 
institution in this respect as only a few universities of the country were 
teaching statistics at that time in the year 1958 a PG course leading to 
M.Sc. in Statistics was instituted and the first batch passed in 1960 
created for this achievement goes to a group of dedicated teacher which 
included Dr. A.R, Kokan, Dr. A. Aslam Qureshy, Dr. (Late) Zaheerul 
Islam and Prof. S.M. Ali some of whom settled abroad in the subsequent 
years. Prof. Rasool A. Khan and Prof. S.N.U.A. Kirmani, now in USA 
were also in the Faculty for some time. 
Remarkable and pioneering contributions of Indian Statistical 
working in the country and abroad gave it further boost and impetus in 
the home land and the subject planted as small seeding on the Indian soil 
to firm roots and develop into a strong tree within a short of spell of time. 
To keep pace with the fast developing world of statistics and to keep 
abreast with the new emerging areas and concepts it was though to 
establish a separate and independent department of Statistics at this 
university. It was in the circumstances that the department of 
Mathematics and Statistics was bifurcated and an independent 
Department of Statistics came into existence in April 1975. There were 8 
Faculty members who took upon themselves the responsibility of 
nurturing the newborn. Necessary infrastructure was created and courses 
of the study were restructured, revised and updated. Though emphasis 
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was given mainly to the teaching of theoretical and academic Statistics 
nevertheless the applied aspect of the subject was not altogether ignored 
and at variance to the academic programme followed generally by the 
sister Universities in the country, a course on planning and execution of 
sample surveys was incorporated in the Master's programme. Besides 
their teaching assignment several teachers were actively engaged in 
research activities and enrolment to Ph.D. programme commenced. By 
the time this Department came into existence a fairly large number of 
research articles had been published by the faculty of members and the 
research work of the several Ph.D. candidates was already in progress. 
During the period 1980-1985 two major academic events took 
place. A research journal entitled "The Aligarh Journal of Statistics" was 
introduced to the academic community, the first issue of which was 
released in 1981. The journal has been warmly received the world over 
and continues to publish original research articles of high academic 
value. The other major even was the institution of a Master's degree in 
Operations Research. The Department now registers candidates for the 
Ph.D. degree in Operations Research as will. To highlight and emphasize 
the importance of this emerging discipline the Department has been 
renamed on 12/1/1989 as the Department of Statistics and Operations 
Research. 
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The First International Symposium on Optimization and 
Optimization and Statistics, was held in December 18-21/1989. 
The Department also caters to the needs of researchers and 
scientists from other disciplines seeking guidance and advice in handling 
the Statistical work involved in their research projects. The demand for 
such guidance and assistance had since increased over the years, a 
Consultancy Cell has been established to ensure effective handling of 
individual problems and requirements. The Department, since its very 
inception, has been championing the cause of Statistics and the Faculty 
has every intention to continue to do so in future. 
2. TEACHING FACULTY AND AREAS OF RESEARCH ACTIVITIES 
The teaching faculty of the department comprises of Four 
professors. Six Readers and Seven Lecturers. The main areas of research 
interest are Statistical inference, Sampling Theory, Mathematical 
programming, Information Theory, Operations Research, Reliability 
Theory and Stochastic Processes. The title of theses accepted for the 
award of Ph.D. degree and the list of publication of the Faculty are 
appended. 
3. EQUIPMENT AND FACILITIES: 
The Department has two Statistical Laboratories equipped with 
desk in calculators and overhead projectors Recently a Computing Lab 
with Six personal computers has also been setup. These facilities are 
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being used by the students and the Faculty members for practical training 
and for individual research projects. 
4. Seminar Library 
The Department has a fairly up-to-date library of about 4000 text 
and reference books and subscribes to over 40 national and international 
journals. It also receives about 26 journals in exchange for the Aligarh 
journal in exchange for the Aligarh Journal of Statistics published 
annually by the Department.^ 
1.3 Statistics 
In our daily life, we see different types of Statistical records which 
we get from newspapers, advertisements, magazines or from other 
sources. These statistical records are related to every walk of life. For 
example sports, increase in population, educational development, 
extension of education, peoples health and hygiene, agricultural 
expenditures over Five year plans. In modern society it is difficult to 
imagine any field of life without statistical records. These statistical 
records do not show only the developments in different fields but the 
future prospect can also be guessed. So it is very necessary for us to 
understand and interpret these records and draw valid conclusion from 
them.^ 
8 
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1. ORIGIN AND DEVELOPMENT OF STATISTICS 
The subject of Statistics, as it seems, is not a new discipline but it 
is as old as the human society itself. It origin can be traced to the old 
days when it was regarded as the 'science of State-craft' and was the by-
product of the administrative activity of the State. The word 'Statistics' 
seems to have been derived from the Latin word 'status' or the Italian 
word 'statista' or the German word 'statistik' each of which means 
'political state'. In ancient times, the government used to collect the 
information regarding the population and 'property or wealth' of the 
country-the former enabling the government to have an idea of the man-
power of the country (to safeguard itself against external aggression, if 
any), and the latter providing it a basis for introduction of new taxes and 
levies. 
In India, an efficient system of collecting official and 
administrative statistics existed even more than 2,000 years ago, in 
particular, during the reign of Chandra Gupta Maurya (324-300 B.C.). 
From Kautilya's Arthshastra it is known that event before 300 B.C. a very 
good system of collecting 'Vital Statistics' and registration of births and 
deaths was in vogue. During Akbar's reign (1556-1605 A.D.), Raja. 
Todarmal, the then land and revenue minister, maintained good records of 
land and agricultural statistics. In Aina-e-Akbari written by Abul Fazl (in 
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1596-97), one of the nine gems of Akbar, we find detailed accounts of the 
administrative and statistical: surveys conducted during Akbar's reign. 
In Germany, the systematic collection of official statistics originated 
towards the end of the 18th century when, in order to have an idea of the 
relative strength of different German States, information regarding 
population and output of industrial and agricultural activities were 
collected. In England, statistics were the outcome of Napoleonic wars. 
The wars necessitated the systematic collection of numerical data to 
enable the government to assess the revenues and expenditure with 
greater precision and then to levy new taxes in order to meet the cost of 
war. 
Seventeenth century saw the origin of the 'Vital Statistics.' Captain 
John Grant of London (1620-1674), known as the 'father' of Vital 
Statistics, was the first man to study the statistics of births and deaths. 
Computation of mortality tables and the calculation of expectation of life 
at different ages by a number of persons, viz., Casper Newman, Sir 
William Petty (1623-1687), James Dodson, Dr. Price, to mention only a 
few, led to the idea of 'life insurance' and the first life insurance 
institution was founded in London in 1698. 
The theoretical development of the so-called modem statistics came 
during the mid-seventeenth century with the introduction of 'Theory of 
Probability' and 'Theory of Games and Chance', the chief contributors 
10 
Introduction 
being mathematicians and gamblers of France, Germany and England. 
The French mathematician Pascal (1623-1662), after lengthy 
correspondence with another French mathematician P. Fermat (1601-
1665) solved the famous 'Problem of Points' posed by the gambler 
Chevalier de-Mere. His study of the problem laid the foundation of the 
theory of probability, which is the backbone of the modern theory of 
statistics. Pascal also investigated the properties of the coefficients of 
binomial expansions and also invented mechanical computation machine. 
Other notable contributors in this field are: James Bernouli (1654 - 1705), 
who wrote the first treatise on the 'Theory of Probability'; De-Moivre 
(1667-1754) who also worked on probabilities and annuities and 
published his important work "The Doctrine of Chances" in 1718, 
Laplace (1749-1827) who published in 1782 his monumental work on the 
theory of probability, and Gauss (1777-1855), perhaps the most original 
of all writers on statistical subjects, who gave the 'Principle of Least 
Squares' and the 'Normal Law of Errors'. Later on, most of the prominent 
mathematicians of 18th, 19th and 20th centuries, viz., Euler, Lagrallge, 
Bayes, A. Markoff, Khintchin, Kolmogorov, to mention only a few, have 
made very outstanding contributions to the modern theory of probability. 
Modern Stalwarts in the development of the subject of statistics are 
Englishmen who did pioneering work in the application of Statistics to 
different disciplines. Francies Gallon (1822 - 1921) pioneered the study 
of 'Regression Analysis' in Biometry; Karl Pearson (1857 - 1936) who 
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founded the greatest statistical laboratory in England pioneered the study 
of 'Correlation Analysis'. His Chi-square Test (X^ - test) of Goodness of 
fit is the first and most important of the tests of significance in Statistics. 
W.S. Gosset with his t-test ushered in an era of exact (small) sample 
tests. Perhaps most of the work in the statistical theory during the past 
few decades can be attributed to a singe person Sir Ronald. A Fisher 
(1890 - 1962) who applied statistics to a variety of diversified fields such 
as genetics, biometry, psychology and education, agriculture, etc and who 
is rightly termed as the Father of Statistics. In addition to enhancing the 
existing statistical theory he is the pioneer in Estimation Theory (Point 
Estimation and Fiducial Inference); Exact Sampling distributions, 
Analysis of Variance and Design of Experiments. His contributions to the 
subject of Statistics are described in the following words: 
'R.A.Fisher is the real giant in the development of the theory of 
Statistics'. The varied and outstanding contributions of R.A. Fisher put 
the subject of statistics on a very firm footing and earned for it the status 
of full-fledged science. 
Indian statisticians have also made notable contributions to the 
development of Statistics in various diversified fields. The valuable 
contributions of P.C Mahalanobis and P.V. Sukhatme (Sample Surveys); 
R.C Bose, Panse, J.N. Srivastava (Design of Experiments in Agriculture); 
S.N. Roy (Multivariate Analysis); CR. Rao (Statistical Inference); 
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Parthasarthy (Theory of Probability), to mention only a few, have earned 
for India a high position in the world map of Statistics. 
2. Definitions 
(i) "Statistics are the classified facts representing the conditions of 
the people in a State... specially those facts which can be stated in 
number or in tables of numbers or in any tabular or classified" (Webster) 
(ii) "Statistics are numerical statement of facts in any department of 
enquiry placed in relation to each other". (Bowley) 
(iii) "By Statistics we mean quantitative data affected to a marked 
extent by multiplicity of causes". (Yule and Kendall) 
(iv) "Statistics are measurements, enumerations or estimates of 
natural phenomenon, usually systematically arranged, analyzed and 
presented as to exhibit important inter-relationship among them" 
(A.M. Tuttle) 
(v) "Modern statistics refers to a body of methods and principles 
that have been developed to handle the collection, description, 
summarization and analysis of numerical data. Its primary objective is to 
assist the researcher in making decisions or generalizations about the 
nature and characteristic of all the potential observations under 
consideration of which the collected data from only a small part". 
(Lincon L. Chao) 
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3. IMPORTANCES AND SCOVE OF STATISTICS 
In modern times, Statistics is viewed not as a mere device for 
collecting numerical data but as a means of developing sound techniques 
for their handling and analysis and drawing valid inferences from them. 
As such it is not confined to the affairs of the State but is intruding 
constantly into various diversified spheres of life - social as well as 
physical - such as biology, psychology, education, economics, business 
management, etc. It is hardly possible to enumerate even a single 
department of human activity where statistics does not creep in. It has 
rather become indispensable in all phases of human endeavor. 
We now discuss briefly the importance of Statistics in some different 
sectors and disciplines. 
(i) Statistics and Planning: Statistics is indispensable to planning. In 
the modern age which is termed as "the age of planning', almost all 
organizations in the government or managements of business are resorting 
to planning for efficient working and for formulating policy decisions. To 
achieve this end, the statistical data relating to production, consumption, 
prices, investment, income, expenditure, etc and various advance 
statistical techniques for handling and analyzing such complex data are of 
paramount importance. 
(ii) Statistics and Mathematics: Statistics is intimately related to and 
essentially dependent upon mathematics. The modern theory of statistics 
14 
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has its foundations on the theory of probability, which in turn is a 
particular branch of more advanced mathematical theory of Measure and 
Integration. Moreover, the developments of statistical techniques and 
theories for application to various sciences-social, physical and natural, 
are based on fitting different mathematical models to the observed data 
under certain assumptions and the whole process of such assumptions, 
analysis and testing is basically mathematical in character, making wide 
applications of mathematical tools of integration, differentiation, algebra, 
trigonometry, matrix theory and so on. The main stalwarts in the theory 
of modern Statistics namely Laplace, Bernoulli, Pascal, De-Moivre, 
Gauss, Chebychev, Kolmogorov, R.A. Fisher, S.N. Roy, R.C. Rose, H. 
Cramer to mention only a few of them were primarily talented and skilled 
mathematicians. Ever ircreasing role of mathematics in Statistics has 
resulted in the development of a new branch of Statistics called 
'Mathematical Statistics.' In the words of Connor: 'Statistics is a branch 
of applied mathematics which specializes in data.' 
(iii) Statistics and Economics: Statistical data and techniques of 
statistical analysis have proved immensely useful in solving a variety of 
economic problems, such as wages, prices, consumption, production, 
distribution of income and wealth etc. Statistical tools likes Index 
Numbers, Time Series Analysis, Demand Analysis and Forecasting 
Techniques are extensively used for efficient planning and economic 
development of a country. 
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Empirical studies based on sound statistical analysis have led to the 
formulation of many economic lows. For example: 
1. 'Engel's Law of Consumption', (1895) was based on detailed and 
systematic studies of the family budgets of a number of families. 
2.'Pereto's Law of Income Distribution' is based on the empirical 
study of the income data of different countries of the world at different 
times, 
3. Empirical studies based on the observation of the actual behavior of 
the buyers in the market led to 'Revealed Preference Analysis' of Prof. 
Samuelson. 
The extensive use of mathematics and statistics in the study of 
economics has led to the development of new disciplines called Economic 
Statistics and Econometrics. These days, advanced statistical techniques 
are used to fit economic models for obtaining optimum results subject to 
a number of constraints on the resources like capital, labour, production 
capacity, technology precision etc. 
(iv) Statistics and Business: Statistics is an indispensable tool of 
production control also. Business executives are relying more and more 
on statistical techniques for studying the needs and the desires of the 
consumers and for many other purposes. The success of a businessman 
more or less depends upon the accuracy and precision of his statistical 
forecasting. Wrong expectations, which may be the result of faulty and 
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inaccurate analysis of various causes affecting a particular phenomenon, 
might lead to his disaster. Suppose a businessman wants to manufacture 
readymade garments. Before starting with the production process he must 
have an overall idea as to 'how many garments are to be manufactured', 
'how much raw material and labour is needed for that', and 'what is the 
quality, shape, colour, size, etc., of the garments to be manufactured'. 
Thus the formulation of a production plan in advance is a must, which 
cannot be done without having quantitative facts about the details 
mentioned above. As such most of the large industrial and commercial 
enterprises are employing trained and efficient statisticians. 
Statistical techniques have also been used widely by business 
organizations in-
1. Carrying out Time and Motion studies (which are a part of the 
scientific management). 
2. Marketing Decisions (based on the statistical analysis of consumer 
preference studies - demand analysis). 
3. Investment (based on sound study of individual shares and 
debentures). 
4. Personnel Administration (for the study of statistical data relating to 
wages, cost, of living, incentive plans, effect of labour dispute/unrest 
on the production, performance standards etc.,). 
5. Credit policy. 
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6. Inventory Control (for co-ordination between production and sales). 
7. Accounting (for evaluation of the assets of the business concerns). 
8. Sales Control (through the statistical data pertaining to market 
studies, consumer preference studies, trade channel studies and 
readership surveys etc.) and so on. Statistical tools of probability and 
expectation are extremely useful in Life Insurance, which is one of 
the pioneer branches of Business and Commerce to use Statistics 
since the end of the seventeenth century. 
In industry, Statistics is very widely used in 'Quality Control'. In 
production engineering, to find whether the production process is in 
control ad the product is conforming to specifications or not, statistical 
tools, viz., control charts, inspection plans, etc., are of extreme 
importance. In inspection plants we have to resort to some kind of 
sampling in a very important aspect of Statistics. 
(v) Statistics and Biology, Astronomy, and Medical Science: The 
association between statistical methods and biological theories was firs 
studied by Francis Galton in his work in 'Regression'. According to Prof. 
Karl Pearson, the wholen 'theory of heredity' rests on statistical basis. 
He says, "The whole problem of evolution is a problem of vital statistics, 
a problem of longevity, of fertility, of health, of disease and it is 
impossible for the Registrar General to discuss the national mortality 
18 
Introduction 
without an enumeration of the population, a classification of deaths and 
knowledge of statistical theory". 
(vi) Statistics and Psychology and Education: In education and 
psychology, too, Statistics has found wide applications, e.g., to determine 
the reliability and validity of a test, 'Factor Analysis, etc, so much so that 
a new subject called 'Psychometry' has come into existence. 
5. LIMITATIONS OF STATISTICS 
Statistics, with its wide applications in almost every sphere of 
human activity, is not without limitations. The following arc some of its 
important limitations: 
(i) Statistics is not suited to the study of qualitative phenomenon 
(ii) Statistics does not study individuals 
(iii) Statistical laws are not exact 
(iv) Statistics is liable to be misused. 
As Kings says, "Statistics are like clay of which one can make a god 
or devil as one pleases." The requirement of experience and skill for 
judicious use of statistical methods restricts their use to experts only and 
limits the chances of the mass popularity of this useful and important 
science."* 
19 
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1.4 Operations Research 
As the term implies Operation Research involves research on 
military Operations. This indicates the approach as well as the area of it's 
application. The Operation Research attempts to solve the conflicts of 
interest among various section of organization and seeks the optimal 
solution, which may not be applicable to a specific department but may 
be beneficial to the organization as a whole. 
1. Definitions 
(i) Operation Research is a scientific method of providing executive 
department with a quantitative basis for decision regarding the operations 
under the control". (Morse and Kimball, 1946). 
(ii) "Operation Research is the art of giving bad answers to the 
problem to which otherwise worse answers are given". (T.L. Saaty). 
(iii) "Operation Research is a scientific approach to problem 
solving for executive management". (H.M. Wargner).'*' 
2. Origin and Development of Operations Research 
Operation Research started back in 1942 when the II world war was 
over. But in Second World War military management in England called 
upon a team of scientists. To study the techniques and strategies for 
fighting the war related to air, land and defense operations. This military 
actually fight the world related to air land and defense operations. This 
military actually fought the war at the front but the strategies were 
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formulated by defined by the team of Scientists during tiie war they were 
having limited military forces and bomb etc. and this team of scientists 
were involve in making useful formation so that they can win the war. 
During the world war second the England and America engaged 
several scientist of different fields belonging to economics, statistics 
probability, mathematics etc. to deal with the strategies and technical 
problems related to military operations. This Operation Research team 
was not actually engaged in military operations and in fighting the war 
but their mission was to formulated specific planning and for its military 
commands to assign at a decision. By using the military resource and 
efforts related to war. 
Operations Research was invented because the team of the scientist 
was dealing the research on the military operation. 
The work of this team of scientists in England was named as 
Operational Research. The USA team of military management started 
with the similar activities after the successful results of Operational 
Research team of England. 
In 1953 an Operation Research team was established in ISI in 
Calcutta to solve the problems related to National planning and surveys.*^ 
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3. Scope of Operation Research 
Operation Research is a powerful tool and an analytical process 
that offers presentation of an optimum solution in spite of it's few 
limitations. It has its application in the following fields. 
(a) Finance and Accounting 
(i) Dividend and policies 
(ii) Investment and portfolio 
(iii) Auditing balance sheet and cash flow analysis 
(b) Marketing 
(i) Selection of product mix, Marketing planning and expert 
planning 
(ii) Sales effort planning and assignment 
(iii) Advertising and media planning 
(c) Purchasing procurement and exploration 
(i) Optional buying and reordering under price 
(ii) Quantity discount 
(iii) Render analysis 
(iv) Transportation planning 
(d) Production Management 
(i) Logistics layout and engineering design 
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(ii) Transportation planning and scheduling 
(iii) Manufacturing 
(iv) Employment and quality control 
(e) Personal Management 
(i) Man power planning 
(ii) Skills and wages balancing 
(iii) Scheduling training programmes 
(f) Government 
(i) Urban and housing problems 
(ii) Military police and pollution control etc/ 
23 
Introduction 
REFERENCES 
1. hUp://\v\v\v.amu.ac.in 
2. REHMAN (S.).Department of Statistics and Operations Research. 
Aligarh Statistical Society. Aiigarh Muslim University: Department of 
Statistics and Operations Research, 2000-01; p. 8-9. 
3. AHMAD (Abrar). Statistics. Aliearh Statistical Society. Aligarh Muslim 
University: Department of Statistics and Operations Research, 2000-01; 
p. 31. 
4. GUPTA (S.C.) and KAPOOR (V.K.). Fundamentals of Mathematical 
Statistics.! l"' ed. New Delhi: Sultan Chand & Sons.2005; p. 1.2-1.7. 
5. SWARUP (Kanti). Operations Research. lO"" ed. New Delhi: 
Sultanchand & Sons, 2001; p. 5-6. 
6. MUSTAFI (C.K.). Operations Research: Methods and Practice. 2"** ed. 
Calcutta: Wiley Eastern, 1998; p. 7-9. 
7. TAHA (H.A.). Operations Research: An introduction. New York: 
MacMillan Co., 1971; p. 31-32. 
8. ACKOFF (R.L.) and SASIENI (M.W.). Fundamentals of Operations 
Research. New York: Wiley, 1992. 
9. http://www.cvberamu.com 
10. httD://wwAv.amure^ istra^ •com 
11. en.wikipedia.org/wiki/statistics 
12. http://www.cogsci.princclon.edu/cui-hin/web 
13. http://ww\v.longcanada.ca/public/est-als/glossarv-glossaire-e.html 
24 
Chapter-. 
Citation Anaiysis 
Definition, tiistoricai 
bacicground, appiication, 
tecfiniques and importance 
Citation JLnafysis 
CHAPTER-2 
CITATION ANALYSIS: DEFINITION, 
HISTORICAL BACKGROUND, 
APPLICATION, TECHNIQUES AND 
IMPORTANCE 
2.1 CITATION 
According to Harrod' citation is a reference to a text or part of a 
text identifying the document in which it may be found". A list of 
publication to wliich an author has made specific reference; usually 
placed at the end of article or chapter, or at the end of a book, sometimes 
in chapter order. The entries are usually arranged in number order; 
corresponding numbers appearing in the text is citation. 
Common sense suggests that the most heavily cited material are 
those which have a higher probability of being cited in future, than those 
which have not been cited and consequently journal acquisition policies 
can be based on raw citations counts a rule of thumb measure, although 
such counts require considerable modification if they are to be anything 
other than rule of thumb citations. It is used to trace the diffusion of an 
idea and point out that some papers are isolated. The frequency of the 
cited documents appearing in a number of citing articles are, in some 
measure an indication of its influence or impact on the subject. The 
technique of citation is largely statistical and is used for arranging those 
cited material in some kind of rank to study their relative importance. 
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2.2 FUNCTION OF CITATION 
The primary function of the citation is to provide "a connection 
between two documents one which cites and other which is cited. These 
are umpteen numbers of various for giving citations. Weinstok, Lipley, 
Frost and Throne have all attempted to explore the possible reasons for 
giving citations. They include the positive and negative reasons are 
positive, then it is bound to have some connection between the citing and 
cited journal, paper, book and document. 
Citations are used not only to pay homage to pioneers and give 
credit for related work also to criticize, correct and dispute previous 
contributions. Whatever may be the reasons of the occurrences, citation 
seek to identify much of the earlier works that are pertinent to the subject 
of the cited document and thus provided further reading lists for the 
users. 
2.3 CITATION ANALYSIS 
Citation analysis is a statistical method used for arranged the cited 
material is some kind of rank, in order to study their relative importance. 
The type of arrangement may be linear, as in the ranked list of the cited 
periodicals, or may be multi dimensional, as in the case citation network 
based on the data derived from science citation Index. 
The arrangement may also be a simple distribution of cited 
documents on the basis of form, quantity, country, place and period. The 
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purpose of these arrangements is to study the referencing pattern and the 
literature used found in a given subject. 
Citation analysis is based on the thesis that there are some kinds of 
relationships between a citing paper and its cited references. The 
frequency of the cited document appearing in a number of citing articles, 
over the year, is, in some measure, an indication of its influence. Thus, 
the citation analysis not only shows the formal subject relation and 
distribution or scattering of references but also leads to study of the age 
of literature and its impact. 
2.4 DEFINITION OF CITATION ANALYSIS 
Citation analysis is a tool/technique of bibliometric study of 
literature based upon some degree of relationship between citing and 
cited article and documents. When one author cites another, a relationship 
is established. Citation analysis uses citation in scholarly work to 
establish links. Many different links can be ascertained, such a links 
between scholarly works, between journals, between fields, or even 
between countries. One very common use of citation analysis is to 
determine the impact of a single author on a given field by country the 
number of times the author has been cited by others. 
Some scholars defined citation analysis in their own terms such as: 
1. According to Martin^ 
"Citation analysis of the citation references which form part of 
scholarly apparatus of primary communication". 
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2. According to Garfield . 
"Citation frequency is measure of research activity or of 
communication about research activity". 
3. According to E.C, White'' 
"Citation analysis plays a prominent role for easy identification of 
earlier research". 
4. According to Broadus'. 
"True citation analysis is one which deals with works cited as 
having actually been used in preparation of, or having otherwise 
contributed to the source paper". 
5. According to Baughman 
"It is a systematic enquiry into the structural properties of the 
subject". 
2.5 HISTORICAL BACKGROUND OF CITATION ANALYSIS 
The practice of giving citations or footnotes is not new, and also 
has been well established in scientific writings even when the early 
periodicals started about three centuries ago. Derek de Solla Price has 
found out that the earliest name of a footnote was "Scholia", which 
means, "relating to scholarship", foot-noting was considered to be a 
scholarly practice. 
The first practical application of this concept was shepherd's 
citation, a legal reference tool that has been in used since 1873. To try a 
case under Stare Decision, a lawyer must has base argument on previous 
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decisions have not been overruled, reversed or limited in some way 
Shepard's citation enables the lawyer to do this with a minimum of 
trouble. 
Taking advantages of coding system, Frank Shepard devised a 
listing in which every instance reported decision is cited in a subsequent 
case. The listing also shows what statutes and Journal cite the original 
decision. 
Using Shepard's citation, a lawyer must first locate a previous 
decision relating to his current case. He, this by, consulting a digest, 
index or encyclopedia, which will provide him with the case number of 
any given decision. The lawyer then look up the case number in 
Shepard's citations and find all subsequent citing cases. From the 
information, he can determine whether the original decision was affirmed 
or modified in any way. 
1. Welch Medical Library Indexing Project 
In 1952, Dr. Chauncey Leake was chairman of committee of 
consultants for the study of indexes to medical literature. This committee 
was supervising the John Hopkins Welch Medical Library Indexing 
project, which was sponsored by the Armed Forces Medical Library. 
2. Eugene Garfield 
Eugene Garfield', one of the Welch project investors realizes that 
nearly every sentence in a review article is supported by a citation to a 
previous work. Thus, a review article could really be considered as a 
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series of indexing statement. The problem then becomes one of 
transforming these statements into a consistent format that would be 
useful as an index. 
Garfield identified the reasons for citing a document, these are as 
fellows: 
(i) Paying homage to pioneers 
(ii) Providing back ground reading 
(iii) Identifying methodology, equipment's, etc 
(iv) Giving credit for related work 
(v) Correcting ones own work 
(vi) Correcting the work of others 
(vii) Criticizing previous work 
(viii) Substantiating claims 
(ix) Alerting to forthcoming work 
(x) Disputing priority claims of others 
(xi) Disclaiming work or ideas of others 
(xii) Identifying original publications or other work describing on 
eponymic concept, 
(xiii) Providing leads to poorly disseminated, poorly indexed, or 
incited work. 
3. Adair 
In 1953, the Welch project conducted a symposium, which was 
reported in a Colorado newspaper. This article read by William C. Adair, 
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whose was a former vice-president of the firm that produced Shepard's 
citation. Adair wrote to the Welch project and suggested that they 
consider the method employed by Shepard's as a possible indexing 
techniques. 
While his own article was awaiting publication; Garfield who by 
then was an associate editor of American documentation, suggested that 
the Adair write the shorter article, which would explain. The Adair article 
appeared in American documentation in June 1955; Garfield's articles 
appeared in science in July 1955. 
4. Laderberg 
In 1958, Prof. Joshua Laderberg of Stanford University wrote to 
Garfield to inquire in any further work had been done on citation 
indexing when informed of the financial problems involved in started a 
project. Laderberg suggested that the Garfield should apply for a grant 
from the government. 
2.6 CITATION INDEX 
A citation index is an ordered list of cited articles, which is 
accompanied by a list of citing articles. The cited article is identified as a 
reference and the citing article as a source. The association of ideas 
existing between the cited and citing articles in utilized in the preparation 
of this index. It may perhaps be said that cited articles are, ancestors and 
the citing articles are descendants and this descending relation of subject 
is reflected through the index. 
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Citation indexing is a relatively new method of organizing the 
contents of a collection of documents is in a way that overcomes may of 
the short coming of the more traditional Indexing method. The primary 
advantage of citation indexing is that identifies relationship between 
document that are often over looked in a subject index. An important 
secondary advantage is that the compilation of citation indexes is 
especially well studied in the use of man-marching indexing method that 
do not require indexers who are subject specialists. This helps to make 
citation more current than most subject indexes. Furthermore citations, 
which are bibliographic descriptions of documents, are not valuable to 
scientific and technological obsolescence as are that the terms used in 
subject indexes. 
Citation indexing is based on the simple concept then an author 
references to previously recorded information identify much of the earlier 
work that is pertinent to the subject of this present document. These 
references are commonly called citations and a citation index is a 
structure list of all the citations in a given collection of documents. 
1. Genetic Citation Indexing 
In 1961, the National institute of Health initiated a cooperative 
programme with Garfield's Institute for Scientific Information (ISI) to 
prepare a Citation Index for the field of Genetics. 
Garfield soon recognized, however that defining that genetics 
literature to be covered by a citation index would be quite difficult. Fine 
32 
Citation Jinafysis 
judgment would be required as to what was or was not genetic literature. 
As Garfield's suggestion, it was decided to undertake a comprehensive 
interdisciplinary approach to preparing a citation index and then extracts 
a genetic citation index from that base of Information. 
2. Science Citation Index 
The Institute of Scientific Information Science Citation Index 
provides access to current and retrospective bibliographic information, 
author abstracts and cited references found in 5700 of the world's leading 
scholarly science and technical journals covering more than 150 
disciplines. 
3. Social Science Citation Index 
The Institute of Scientific Information Social Science Citation Index 
provide access to current and retrospective bibliographic information, author 
abstracts and cited references found in over 1700 of the world's leading 
scholarly social science journal covering more then 50 disciplines. 
4. Arts and Humanities Citation Index 
The ISI Arts and Humanities Citation Index provide access to 
current and retrospective bibliographic information and cited references 
found in over 1,120 of the World's leading Arts and Humanities Journals. 
5. Derwent Innovations Index 
The Derwent Innovations Index, available through ISI web of 
science interface, is a web accessible product that merges the Derwent 
world Patent Index with the Derwent patent citation index. Undated 
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weekly it covers over 10 million basic invention and 18 million patents in 
all form over 40 patent issuing authorities. As a part of ISI web of 
knowledge, Derwent innovation Index will soon be cross searchable with 
other scholarly content ISI web of science, BIOSIS receiving ISI 
proceedings and coming soon CAB abstracts and INSPEC. 
2.7 CONCEPTS AND DEVELOPMENT 
The concept of citation analysis had been existing under different 
names. The word Bibliometrics, the other name of citation analysis was 
first coined by Allen Pritchard* in 1969 to mean "an application of 
mathematical and statistical method to books and other media process of 
written communication and of the nature and course of a discipline". 
Cole and Bales'^  through their work, 'A history of Comparative 
Anatomy', in 1917 analyzed a comparative anatomy paper through 
counting a number of publications country wise from 1543 to 1860 which 
was regarded as the first counting technique in evaluating the 
international scientific activities. Owing to its quantitative approach to 
the bibliographic in literature, they called this technique as statistical 
literature analysis. 
Gross and Gross'" in 1927 used citation count to rank the 
periodicals in chemistry which was regarded as the first user study of 
any significance based on a more systematic citation count that later 
becomes that basis and methodological direction to the Bradford' law of 
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Scattering. S.R. Ranganathan" and then (1949) in 1948 coined the term 
"librametry " for quantitative studies and analysis of library activities. 
2.8 APPLICATION OF CITATION ANALYSIS 
There are a number of different approaches to citation analysis. 
Garfield believes that simplification of the research process and 
increment in research results are possible through citation analysis 
research methods. He also states that the history of science can be studied 
by using the citation analysis method. 
According to Lord'^ citation analysis applies various techniques 
dealing with research, such a citation counting for evaluating scientific 
publication, bibliographic coupling and co-citation analysis for studying 
for the development of science in a scientific field. Egghe and Rousseau'^ 
point out three main applications: 
(i) Qualitative and quantitative evaluation of scientists, publication 
and scientific institution; 
(ii) Modeling of the historical development of science and 
technology and 
(iii) Information search and retrieval. 
Garfield'-* indicates that citation analysis can be used for 
identifying and mapping research fronts. Citation can be used to define 
disciplines and emerging specialties through journal relationships and to 
determine the inter-disciplinary or multi-disciplinary character of 
research programs and projects. 
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2.9 TECHNIQUES OF CITATION ANALYSIS 
For establishing relationships among documents, different kinds of 
bibliographic citation in scientific papers have been used by a variety of 
researchers, e.g. direct citation, bibliographic coupling which link source 
documents and co-citation coupling which link cited documents. Smith'"'' 
believes that the bibliographic coupling and co-citation coupling are two 
main techniques, which have been devised to identify documents likely to 
be closing related. These three techniques are discussed below: 
1. Direct Citation Counting 
Citation counting is a technique that determines how many 
citations are in a given document, author. Journal etc. has received over a 
period of time, originally used by Gross and Gross'^. The rational for this 
is that citation are objective indications of use, another that an article is 
frequently cited, is more useful or productive, as the case may be than 
one that is less frequently cited. In order to offset the limitations of 
citations counting, some modified measure has been suggested. The 
impact factor and immediacy index are two such measure. Garfield,'^ who 
coined the term impact factor defines it as" the ratio of the number of 
times a journal is cited in a given time period to the total number of 
source items published in journals, during specific period of time. The 
immediately index is a method of showing the frequency with which a 
material received by the article in the year to the number of articles 
published. 
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2. CO-CITATION COUPLING 
The concept of Co-citation was for the first time suggested 
independently by Small** in 1973, who proposed a new method of 
analyzing citations, to generate clusters of related papers. Small describes 
it as "the frequency with which two documents are cited together". He 
also states that cited documents are linked together through the process of 
co-citation, and this process is similar to similarity measures of the co-
occurrence of words. 
Bellarado" defines co-citation, as "process whereby an author cites 
to earlier documents in a new work". 
Cawkell defines co-citation as "subject similarity indicator and 
demonstrates co-citation and bibliographic coupling clearly through a 
citation matrix". 
Co-citation coupling is a method used to establish a subject 
similarity between, two documents. If paper A and B are both cited by 
paper C, they may be said to be related to one another, even they don't 
directly cited each other. If papers A and B are both cited by many other 
paper, they have a stronger relationship. More papers are cited by their 
stronger relationship. 
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Item A (cited) Item B (cited) 
Fig. Co-citation Coupling 
Garfield explains that the strength of co-citation can be calculated 
using the following formula. 
S = Co-Citation of A + B (Total Citations of A + B) - (Co - citation of A + B) 
3. BIBLIOGRAPHIC COUPLING 
Kesseler ' introduced the term bibliographic coupling. He states the 
bibliographic coupling happens when two papers use a reference as a 
unity of coupling between those two papers. The strength of bibliographic 
coupling depends upon the number of references the two papers have in 
common. 
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Item A (citing) Item B (citing) 
Cited papers (B 
Fig; Bibliographic Coupling 
2.10 NEED OF CITATION ANALYSIS 
A plethora of knowledge is being unfolded everyday. This situation 
of overwhehning mass of available information is been donated by 
'Information explosion'. It is a common knowledge that during the 
present generation more science related information has been produced 
than in the past. This because of the ever specialization and 
diversification of knowledge head of distinguishing oneself in academic 
circles and increasing numbers of printed recorded information in various 
forms. 
Today the amount of information available in books, articles, 
periodicals, abstracting and indexing periodicals, conference proceeding, 
seminar papers, bibliographic databases has grown phenomenally. 
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According to a survey shows that science and technology information 
now increases 13% per year. Therefore information in this field will 
double every 12 months. 
Journals are said to play a fundamental role in the development of 
all disciplines and professions. They disseminate development of a 
profession's knowledge base. Two most importance factor for need of 
citation Analysis i.e. Information explosion in varied form and the 
inflation abroad have posed a great problem to the librarian in 
acquisition. According to UNESCO there are over 6,00,000 documents 
being published every year in more than 80 written languages, out of 
these documents 3,00,000 alone are traditional books, 1,500,000 are 
periodicals and rest 1,50,000 other type of documents like reports, 
patents, government Electronic databases and databanks have 
proliferated. 
Cost is another factor for concern. It is said the prize of books has 
gave up by 40%. Since January 1991, where as the cost of periodicals 
keeps on increasing by 15-20% each year. According to a survey of 
expenditure carried by Rurkee University the cost of journals doubles 
every fourth year. This has outstripped the purchasing capacity of 
libraries all over the world. It is said that even a rich library like the 
library of Congress of the USA, whose budget is in several crores of 
rupees, will not be able to procure each and every document that is 
published from differem parts of the world and in the different forms and 
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languages. Therefore, to avoid difficulties creating by the inflation on the 
one hand and the shrinking fund position on the other, a purposeful study 
of evaluating the types of literature and of selecting periodicals according 
to their use value is of immediate interest and need. Hence, through the 
citation analysis an attempt has been made to social science. 
2.11 IMPORTANCE OF CITATION ANALYSIS 
Citation analysis is as presently practiced is largely used for 
putting things in order. The things can be journals, paper in Journal, 
authors of papers in journals or organizations to which authors of journals 
papers are affiliated. The type of order can be linear, as in ranking, or 
multi-dimensional, as in the generation of citation networks. Studies of 
obsolescence rates of Journals or documents may be considered to be 
special cases of ranking over time. Whatever the type of analysis 
performed, the Interpretation of the results things on the nature of 
relationship between the citing and cited documents. 
Citation analysis is very often fruitfully applied to derive the 
following benefits: 
1. To lead the Reader to Studies in the field. 
This is perhaps, the primary purpose of citations. Readers can verify 
the correctness of the information and thereby convince themselves. 
2. For the preparation of bibliographies 
The first use of citation indexing was made in shepherd's citation 
published in 1873. This technique of citation indexing has been perfected 
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by Eugene Garfield and others since the early 1960s. It is a fact that 
compilation of bibliographies in new field is really difficult. In such 
circumstance, analysis of citations of articles may be the only way 
together information. The very fact that the citations have been verified 
evaluated and recommended by authors who are experts in their own 
fields make them all the more acceptable for inclusion in a bibliography. 
3. To study the use of literature from different countries 
From the citations, the country of their origin can be identified in 
all types of materials like journals articles, books, reports etc. In many 
subject areas, U.S. Publication are found to used more heavily. In 
medicine, biochemistry, physiology and pharmacology. Sengupta" had 
identified the leading role played by U.S. Journals. Journals of U.K. 
occupied the second position, but they come nowhere near their American 
counterparts in the frequency of use. Similarly, Martin and Gilchrist" had 
found that in sixties one in every eight citations was to British 
publication. 
Some of the user studies in India have shown that Indian 
publications are also equally cited in certain subjects. 
4. To find out the relative use of different languages 
Since English has emerged, as a world language, especially in 
science and technology, there is a predominance of English language 
publications in all branches. This can easily be understood from citation 
analysis. In the mid-sixties, for instance, the share of English language 
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papers in Mathematics and chemistry was more than 50%. Russian 
occupied second position with about 20% followed by German and 
French. Citation practices have also shown that the relative amount of 
literature in different subjects produced by different countries changes 
with time. It has been observed that German has declined very much in 
the 20"' century, especially in the field of Chemistry where publications 
in these languages reigned supreme. 
5. To study the use pattern of different types of documents 
Citation given may be of books, journals articles, reports, 
standards, thesis/dissertation etc. The relative use of each of these types 
can be ascertained based on the frequency of citations. For example, 
various citation studies have shown that journal articles are the most 
preferred source consulted by scientists since they constitute about 70-
80% of the total citations. Similarly citation practices among social 
scientists indicate that they give equal importance to books and journals. 
6. To study the Scattering of Subject 
Studies about the dispersion or scattering of subjects in different 
sources as evidenced by citation analysis have brought and interesting 
result. For example: 
(i) Social Science and arts subjects show a wider scatter of 
publication than the science, 
(ii) Research publications in technology show a greater dispersion 
than those in science. 
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(iii) A new branch of science, especially an interdisciplinary one, 
shows a greater dispersion than older branches of science, 
(iv) There can be differences in Scatter between sub-fields within a 
subject as also major subjects, 
(v) The rate of scatter within the same subject alters with time. 
7. To decide the obsolescence rate of documents in different 
subjects 
Citation in subsequent literature and usage pattern in libraries are 
considered as two indicators of the obsolescence of literature. Analysis of 
citations by age of the cited document can show the useful life of documents. 
In order to measure the decay or obsolescence rate of documents, the concept 
of 'half life' has been borrowed from Nuclear physics. Using this measure 
Burton and Keblee had suggested a range of half-lives for different subjects. 
The foot-growing subjects would have lesser half-lives compared to 
established disciplines. The above study had shown the half-life of 
Metallurgical Engineering as 3.9 while that of Botany is 10 years. These time 
scales are highly useful in the planning of library holding. 
8 . To determine the interdependence and linkage of subjects 
The interdependence of basic and applied fields can be understood 
by citation studies. Establishment of this interdependence can be use in 
the acquisition policy of special libraries or information centers. The 
analysis of citations of the Annual Review of Medicine for the year 1965-
69 by I.N. Sengupta has established the contribution made by journals in 
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the fields of biochemistry and physiology to the medical research. Further 
studies by him have brought to light the mutual contribution of 
biochemistry, physiology and microbiology 
9 . To prepare ranked list of periodicals 
Ranked list of periodicals can be prepared by two methods: 
I. By actual citation counting; and 
II. By counting the number of entries in indexing and abstracting 
periodicals. 
In the first method, information is collected from the references 
cited in source articles. By studying the average number of citations, one 
can develop a list of cited journals in the ranked order. 
In the second method, the number of items contributed by different 
periodicals during a specific period of time is calculated from the 
secondary source and the ranked list is prepared based on the productivity 
of journals. Such ranked lists are very often used as guidelines in the 
acquisition of periodicals as other materials in the library. 
10. To study tlie rate of collaborative research 
Collaborative research can be effectively measured from the 
number of authors in papers. Such studies can be conducted to understand 
global trends, national trends in different subjects. Studies in this 
direction have indicated that collaboration varies from discipline to 
discipline, within the same discipline from time to time, and from country 
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to country. However, the extent of collaboration may not be revealed 
from the citations. 
11. For the analysis of Scientific Journals 
Citation analysis provides a number of interesting and useful 
insights into the networking of journals. These insights are developed 
from five different citation measures, which are perfected by Institute for 
Scientific Information (ISI). 
(i) Citation rate of a journai 
This is the number of times a journal has been cited. It can consist 
of all the references to the cited journal counting even duplicate 
references from the same source article as a separate citation. It can also 
be calculated by counting only the number of source articles that cited the 
journal. A third method of calculation citation rate that is followed by ISI 
is by counting the number of references to the cited journal, but treating 
duplicate references from the same source article as only a single citation 
link. 
(ii) Impact factor 
Impact factor (IF) is the average citation rate of a journal's articles. 
It is basically a ratio between the citation rate of the journal and its 
citation potential. Citation rate is defined as the number of the cited, 
whereas citation potential defined as the number of citable items 
published. Therefore 
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IF= the number of times a journal was cited/the number of citable items 
the journal published. 
(iii) Self-citing rate 
This is a measurement of the frequency with which journals cite 
themselves. It shows what percentages of a journal's references cite 
articles it published, 
(iv) Self-cited rate 
This is a measurement of self-citation. It shows what percentage of 
citations received by a journal originated in articles published by the 
journal. These self-citation rates serve as indexes to newness, size and 
isolation of the intellectual universe in which a journal operates. 
(v)Imniediacy Index 
This is a method of showing how rapidly the materials published by 
a Journal are picked up and used. It is calculated by counting the numbers 
of citations received by articles in a journal during the year in which they 
were published. 
2.12 LIMITATION OF CITATION ANALYSIS 
Generally, ail studies using citation and co-citation analyses suffer 
from two major limitation; the assumptions, which underlie citation 
analysis, and the problem, will the sources of citation data. Some 
problems, which need to be considered, are: 
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1. Self-citation 
While papers are written by a single author, the elimination of self-
citation is easy; but a further checking may be needed for multi-authored 
papers. The elimination group self-citation is more difficult problem. 
2 . Multiple Authorship 
The citation indexes include only the first- named authors of cited 
articles. For finding all citation to publications of a given author, 
including those in which he/she is not the first author, a bibliography of 
his or her works is needed so that all articles can be checked in the 
citation index. An online search can be helpful for publications in one of 
the source Journals of ISI's database. 
3. Homographs or Homonyms 
To differentiate among many scientist with the same name and 
initiate publishing in the cjame field, extra information such as institutional 
affiliation is needed. Otherwise citation could be incorrectly attributed to an 
author, particularly he/she has a common name. Even this problem is more 
difficult with Chinese or Japanese names than with English names. 
4 . Synonyms 
XJni'il establishing a standard form for the author's name, citation 
will be scattered. A famous example of 'synonym' includes an author's 
name in the field of informetrica is given by the different forms of Derek 
J de SoUa Price's name, a Woman's maiden and married names, different 
treatment of foreign names and misspellings. 
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5. Fluctuations in Time 
Citation data should not be too restricted in time, while there may 
be large variations in citation counts from one year to another. 
6 . Field Variations 
There are different referencing characteristics among different 
segments of the literature. For example, the number of citations per 
publications varies greatly field to field. This may lead to difficulties in 
cross-discipline comparisons. 
7. The incompleteness of the ISI database 
While the ISI database does not cover all periodicals it may create 
problem for national studies. 
8. Dominance of English as a Scientific Language 
While either English or French are official languages in Canada, 
French Authors who publish in English are more than often cited than 
those publish in French. 
9. Types of Sources 
Line shows that in citation analysis the type of source can influence 
the results. He found differences between the analysis of references 
drawn from journal and monograph in date distributions, forms of 
material cited, subject distributions, the proportion of references made 
beyond the social science and countries of publication cited. 
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10. Errors 
Citation analysis, including those based on citation indexes can be 
more accurate than the raw material used. Although processing of 
citations for inclusion in citation indexes may introduce some errors 
while eliminating other, many errors due to citing author remain. These 
can include errors in cited authors names, journal title, page, volume and 
year. 
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Methodology 
3.1 INTRODUCTION 
Citation analysis is one of the most important bibliometric 
techniques involving analysis of the references forming part of primary 
communication citations are the formal explicit linkage between 
publications that have points in common. 
Citoanalylical study of doctoral dissertation or thesis which arc the 
products of research activity from an important source of information 
such studies may be useful for acquisition of material, provision of better 
services to patrons and knowing the location of materials. What part of 
literature is cited most, how long the literature remains useful to readers 
and languages of most cited publication knowledge of all these provides 
guidance to collection development policies, individual item selection, 
and retention and binding decisions. 
Such studies have been attempted in different subjects in natural 
sciences but paucity of such works exists in humanities and social 
sciences. However, some significant studies have been conducted in some 
areas of social sciences such as, History, Anthropology, Political Science, 
sociology and Agricultural Economics. 
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3.2 PURPOSE 
Citation analysis is one of the popular methods employed in recent 
year for identification of core documents and complex relationship citing 
and cited documents for a particular scientific community in a 
geographical proximity. The purpose of the present study is to investigate 
the use pattern of literature as revealed through the analysis of citation 
figuring in the 'Doctoral dissertations of statistics and O.R. accepted by 
Aligarh Muslim University, Aligarh'. 
3.3 SCOPE 
The present study is on "Doctoral Dissertations Submitted in the 
Department of Statistics and Operations Research, Aligarh Muslim 
University, Aligarh (1985-2005): A citation analysis". The scope of study 
needs to be defined in relation to the terms and concepts we used: 
1. Doctoral 
"One who has received from a University the highest degree in a faculty" 
2. Dissertation 
Dissertation is a formal representation of research work under the 
supervision. A statement of investigation or research presenting the 
authors finding and conclusion reached and submitted by the author in 
support of his candidature for a higher degree, professional qualification 
or other award. 
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3. Submitted 
Submitted means to offer to another for consideration or criticism. 
4. Department 
(i) A special sphere of activity or duty; 
(ii) A section of an administration, University, office; 
(iii) A division of a country 
5. Statistics 
According to the great Statistician Sir R.A. Fisher "the Science of 
Statistics is essentially a branch of Applied Mathematics and may be 
regarded as Mathematics applied to observational data" 
6. Operations Research 
According to H.M. Wargner "O.R. is a scientific approach to 
problems solving for executive management". 
7. Aligarh Muslim University 
The Aligarh Muslim University is a premier central university with 
several faculties and maintained institutions and draws students from all 
corners of the country as well as from foreign countries. 
8. Aligarh 
Aligarh is one of the important district of Uttar Pradesh. The 
district of Aligarh, embracing an area of 5024 Sq. km. It spreads from 
27° 29' to 28° N latitude and 77° 29' to 73° 38' E longitude 
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9. Citation 
Citation means a connection between two documents one which 
cites and other which is cited. 
10. Analysis 
(i) To examine thoroughly, 
(ii) To select data, 
(iii) Any object of attentive consideration. 
3.4 OBJECTIVES 
The objectives of the present study are to identify: 
(i) Subject-wise identification of Ph.D. Theses of Statistics and 
O.R.; 
(ii) Forms of literature cited in the Ph.D. Theses; 
(iii) Rank list of the journals and to find out the core journals; 
(iv) Decade-wise distribution of citations; 
(v) Language-wise distribution of the cited documents; 
(vi) Geographical scattering of the cited documents; 
(vii) Authorship pattern of cited document; 
(viii) Publication place -wise distribution of citations, 
(ix) Publisher-wise distribution of citations, 
(x) Rank list of authors to find out the most eminent personalities in 
the field of Statistics and O.R. 
57 
MetfiocCoCogy 
3.5 HYPOTHESIS 
(i) In 'O.R.' most of Dissertations have been submitted. 
(ii) The researchers in the field of Statistics & O.R. are mainly 
consulting 'Journals'. 
(iii) The most cited journal is 'J. of American Statistical Assoc' 
(iv) Current journals are the most cited. 
(v) Most productive country is USA. 
(vi) The majority of the papers have been producing by the Single 
Authors, 
(vii) Periodicals used by the researchers were completely in English 
language. 
(viii) Most productive Publication place is New York. 
(ix) Single authors have produced the majority of the books. 
(x) Current books are the most cited. 
(xi) Books used by researchers were completely in English language 
3.6 RESEARCH METHODOLOGY 
1. Selection of Source Document 
The first step in this study is to select the source document from 
which data is to be collected. For this purpose doctoral dissertation has 
been consulted. 
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2. Collection of Data 
From 24 dissertations, 2266 references were noted down on 5" x 3" 
reference card from the bibliograpliy of eacii dissertation. 
The following information has been noted on the card. 
1. Author's name 
2. Title 
3. Form of Literature 
4. Language 
5. Year 
6. Place of Publication 
7. Publishers 
Finally all the collected data were recorded, compiled, tabulated 
and analyzed according to: 
(i) Ranked Author (Periodical) 
(ii) Ranked Author (Book) 
(iii) Ranked Periodicals 
(iv) Ranked Countries of cited Periodicals 
(v) Ranked Year of cited Periodicals 
(vi) Ranked of Language 
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(vii) Ranked Authorship of pattern of Literature. 
(viii) Ranked Form of Literature, 
3. Analysis and Interpretation of data 
In this step all the cards were arranged and rearranged in order to 
complete the following studies. 
(i)Form-wise Distribution 
The literature is published in different forms like journals, books, 
reports, theses, conference proceedings, and reviews, M.Phil, dissertation 
etc. The information regarded the form was collected from Statistical 
thesis during the year 1985-2005 and tabulated to find out the most 
dominant form of literature 
(ii) Ranking of Periodicals 
This is to identify the core periodicals in Statistics and O.R. For 
this purpose, a ranked list of periodicals was prepared, 
(iii) Decade-wise Distribution of Citations 
It is useful to know the occurrence of source documents. The type 
of study reveals the number of works in a particular year in which the 
most of the study is conducted. For this purpose a table showing year-
wise distribution has been prepared. 
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(iv) Country-wise Distribution of Citations 
It is done to identify the place of origin of documents, which is 
given in the Ulrich's International Periodicals Directory. The entries were 
grouped on their places of origin. They were then counted and ranked in a 
tabic. 
(v) Language-wise Distribution of Citations 
For the distribution of citations according to language a table has 
been made in which entries were grouped according to their language of 
origin. 
(vi) Ranking of Authors 
It is done to know the most productive contributions in the subject. 
For the purpose of ranking of authors, the information about all the 
authors were retrieved, arranged and tabulated in the order of decreasing 
frequency of their contributors. 
(vii) Publication Place-wise Distribution of Citations 
It helps to know the most productive publication place in the 
subject. The entries were grouped on the basis of their places of origin. 
They were then counted and ranked in a table. 
(viii) Publisher-wise Distribution of citations 
It helps to know the most important publishers in the field of 
Statistics and O.R. The entries were grouped on the basis of their 
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publisher. They were then counted and ranked in a table. 
3.7. LIMITATION 
The study is only limited to the doctoral dissertation submitted in 
the Department of Statistics and O.R. (1985-2005), AMU. 
3.8 SIGNIFICANCE OF THE STUDY 
(i) This study can serve, as guidelines for the libraries to decide which 
publication should get a higher priority for acquisition, 
(ii) This study can serve as guidelines to the document list and 
information scientists in deciding which publications need to be 
indexed in current awareness services and covered in SDI services, 
(iii) This study wiJJ be of much value for the libraries in deciding which 
are the live periodicals and also which should be weeded out from 
the live collection. 
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CHAPTER-4 
REVIEW OF RELATED LITERATURE 
Review of the related literature is very essential for a new research topic. 
Study of related literature implies locating, reading and evaluating reports of 
research as well report of causal observation and opinion that are related to the 
individual's planned research project. The search for literature should be 
conducted in a systematic way to achieve optimum results. Other wise the search 
may lead to wastage of labour and time and poor retrieval of relevant 
information. In brief this chapter presents an overall review of study conducted 
abroad as well as in India in a chronological order. In this chapter only those 
studies have reviewed which were similar to the present study or indirectly 
related to the present study. 
Mohindar Singh'(1978) conducted a study under the title 'studies of chemical 
literature and changes in the ranking of periodicals by citation analysis of data 
for 1967-76'. The paper embodies the studies of chemical literature for many 
angles. Such as subject wise and country wise dispersion of papers, dispersion 
of periodicals and non-periodicals publication country-wise dispersion of 
patents. The changes in the ranking of periodicals from 1967 to 1976 was also 
studied. The result reveals that on average about 26 new review papers on 
various branches of chemistry were published every year. 
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A.K. Kundu (^1980) conducted a study under a title "citations of the source 
journals in the field of library science and their ranking: A study" was carried 
out taking the citation appearing in the 'Annals of Library Science during 1954-
1975. The objectives of the study were (i) Number of papers published in 
periodicals (ii) National and International research trend in the subject (iii) 
Quality and scope of periodicals (iv) Language of the periodicals. The data was 
collected from the 1545 citations appeared in the 217 journals related to foreign 
journal articles of the Indian periodicals. Annals of Library Science was cited 
most accounting for 48.4% of the Indian Journal citation. Of the foreign 
periodicals 'American Documentation' was cited most accounting for 12% of 
the total foreign journal citation. 
Khaiser Jahaii Begum and B.A. Sharada^ (1984) conducted a study under the 
title "Journal Most Frequently cited by Indian Linguistic: A citation analysis". 
The article analysis 3166 citations appended to 307 articles published in 1971-
80. The objective of the study were (i) types of material used (ii) most 
frequently used periodicals (iii) subject wise, language-wise and country-wise 
distribution (iv) chronological scattering of cited periodical. The basic finding 
relating to linguistic research in India are (i) the main bibliographic forms of 
literature cited were non-serial publication (ii) only 1.15% of the journals yield 
more than 50% of citations (iii) English citation account for 92.5%. 
Narendra Kumar'* (1984) conducted a study under the title "Citation study as a 
tool for evaluation of journal collection use: A case study" deals with the 
66 
(lifview of stated Literature 
analysis of 122 research papers, written by the users of the Delhi University 
Library in the field of biology published during July 1981 to June 1983. Data 
reveals that 60% of the biological periodicals in library have been cited which 
are originating from U.S.A. (48.43%), U.K. (15.65%) and India (12.50%) and 
represents the half-life of the journal collection as 8 years and 4 months. The 
other aspects studied included distribution of citation, currency of usage 
productivity and specific journal usage. 
Khaiser Jahan Begum and T.S. Shalaja'^  (1985) conducted a study on 
"Characteristics of the Literature used by the Nutritionists: A citation study". 
The study analyses the citation appended to three source Journals from USA, 
U.K. and India in the field of nutrition. The objectives of the study were to 
identify (i) Bibliographic fonnat (ii) Core journals (iii) Geographical scattering 
of periodicals (iv) Age wise distribution. The findings reveal that format of 
media used and journals preferred by the nutritionists. The three source journals 
have contributed 424 papers, which together have cited 9137 items. Each article 
has yielded (21.63%) of references. American (22.04%) and British (23.04%) 
journals have almost equal number of average citation per papers. 
S.K. Kapoor (1986) Conducted a study on "citation Analysis of Earth Science 
Literature". It presents an analysis of the citation in the Annual Review of Earth 
and planetary science volume 1-9, 1973-81. It features the rankings list of 82 
journals representing 76% of the total citation out of 833 titles cited. Give 
countiy wise and subject wise distribution of the journals in the ranked list. This 
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study provides a list of significant journals in the field of Geosciences. The 
results provide a valuable tool for the evaluation of primary and secondary 
publication. 
B.S. Maheshwarappa and B. Nagappa' (1987) conducted a study on '^Research 
collaboration in the field of psychopathology: A bibliometric study". The 
objective of this study was to investigate the increase in a number of authors per 
paper and degree of collaboration in psychopathology literature over a period of 
50 years (1931-81). The source material scanned for this study was 'Review of 
Plant Pathology'. The data regarding number of authors per paper was noted 
and it was tabulated decade wise over the period of 1931-81. Analysis was made 
to identify the nature and pattern of multiple authorship and the degree of 
collaboration in research. These study reveals that average number of authors per 
paper has increased from 1.29 in 1931 to 2.31 in 1981. The size of the journal 
literature noticed annually has also increased from 1548 in 1931 to 6086 in 1981. 
Arjun Lai (1988) conducted a study on "Citation in Agriculture Research". The 
aims of the study were to identity the most important source of citation, its 
geographical and chronological distribution in the field of agronomic research in 
agriculture. Total 1696 citations were collected, compiled and analyzed. The 
most important journals identified through the technique of citation analysis is 
indicated by their frequency of citation were 'Indian Journal of Agronomy', 
'Indian Journal of Agriculture Science', 'Indian farming', 'Fertilizer News', etc. 
Among the cited journal India occupied first rank as a country of publication 
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followed by U.S.A. and U.K. The chronological distribution of citations suggests 
that the researchers in agriculture cite from current Journals and seldom refer to 
back number. 
John Cullars'' (1989) conducted a study under the title "Citation characteristics 
of Monograph in Fine arts". The purpose of this study is to determine the 
characteristics of citation found in monographs in the fine arts. A random sample 
581 citations was selected from 158 monographs published 1985 and 1986 and 
Indexed by RILA (Repertiore International de la literature de Part). Citation 
were classified as to source type (book, journal article, manuscript and thesis); 
primary or secondary sources; language; date of publication; and the citing 
author's reason for making the citation. The findings of this study were them 
compared to those of other citation studies of the literature of fine arts and 
literary criticism. These findings were generally similar to those of other studies 
of citation pattern in the humanities, but citation to book were found to be some 
what less important and those manuscripts some what more important than in 
earlier studies. The chronological spread of citafions is more evenly distributed 
in fine arts monographs than in order areas of the humanities through the 
greatest number of citations were published in the past 20 years. 
P. Arvind and V. Pull Reddy'" (1989) conducted a study on ''Physical 
Anthropological Literature: A citation analysis". The objectives of the study 
were (i) To know the distribution of citations in different bibliographic forms (ii) 
To know the authorship pattern (iii) To identify the core journals and subject 
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wise break up of cited journals. The data was collected from 12 review articles 
relating to the field of Physical Anthropology during the period of 1980-1989. 
The major findings obtained from this study were as follows: (i) Most of the 
literature published in Physical Anthropology in the form of article in 
periodicals. Anthropology (ii) Journals literature contributed the highest number 
of citation i.e. 54.76% (iii) In authorship pattern 66.56% citation were 
contributed by single author (iv) Journal of Physical Anthropology get first rank. 
Sangani, S.L." (1989) conducted a study under the title "Information use 
pattern of research in the field of Psychology: A citation study". The main 
objectives of the study were (i) use of different sources of information and their 
dispersion by subject, country and language (ii) Important journals used their 
availability at Karnataka University Library, Dharwad and to apply the 
Bradford's law of scattering to the journal use pattern of research in Psychology. 
Twelve Doctoral thesis accepted during 1964-1982 by the Karnataka University 
in the field of Psychology, were taken for the study. 1984 references were 
collected from the source data. The findings reveal that the books were the major 
of information i.e. 82.81%. 
S.C. Sinha and M. FurqanuIIah'^  (1990) conducted a study on "Eleven year of 
CBRI Research output, 1980-90: A bibliometric study". The study was 
undertaken for systematic bibliographic analysis of the papers published by the 
scientists of CBRI in research journal of Indian and foreign origin and papers 
presented in the national and International conference during 1980-90. The study 
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indicates the downward trend, of the institute research out. It is observed that 
journals in various fields of science such as physics, Chemistry, Biology, 
Microbiology, Drugs etc were covered by the science citation index. 
Silas Marques De Oliveria'^  (1991) conducted a study on "Citation pattern in 
Veterinary Medicine Dissertation". The data was collected from fourteen master 
theses of the school of veterinary medicine Universeded Federal de vicosa, 
Brazil was taken for study, 495 citations were appended to these source. The 
citation was grouped into paper in periodicals and other channels such as 
conference proceeding. 
The objective of the study was to determine bibliographic forms, most 
frequently serials, cited serials according to their country and language. The 
study reveals that users heavily depend upon the periodicals (70%) and Book 
(19%). Nearly (36%) of the journals published from U.S.A. 
Madan S Rana and Sunita Agganval''*(1992) conducted a study under the title 
"Authorship Trends in Indian Wildlife fisheries Literature: A bibliometric 
study". The main objective of the study was to identify the authorship pattern in 
Indian Wildlife and Fisheries Literature. The data was collected from Wildlife 
Review and Fish Review" from 1980-89. The findings reveals that single 
authored papers has decreased from 64% in 1980 to 52 in 1989. During the same 
period there was an increase in the average number of authors per papers from 
1.57% in 1980 to 1.70% in 1989. 
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Arjun Lal'^  (1993) conducted a study under the title "Most important Journals 
from the point of view of Indian Soil Scientists: A Bibliographic Study". The 
main objectives of the study were to find out major form of literature, to make a 
comparison of first ranked journals, it identify the most productive country. Four 
volumes of journal was taken for study. There were 6273 references. The finding 
reveals that the journal literature contributed the highest number of citation 4354 
(69.41%). 'J. Indian Soc. Soil Sci.' occupied the first rank (18.31%) and the 
most productive country was India. 
Maya Verma'*' (1994) conducted a study under the title "Citation analysis of 
some selected Indian Journals in Economics". The study analyses 2599 Journals 
citation from 1986-1990 of there Indian Journals of Economics. Indian 
Econometrians give equal importance to journal and non-journal materials for 
their research work and depend upon non-current research materials. The median 
age of citation range is from 12-15 years. Ranking list indicates that Indian 
Scholars in economics use m.ore foreign literature and most of the journals 
subscribed by university library does not find place in ranked list. 
David Potter and Sylvia Potter*^ (1995) conducted a study under the title 
"British professional child care: A preliminary citation analysis". The present an 
initial attempt to study what constitutes the knowledge base for the child care 
profession in the U.K. The citations of five British Child Care Journals were 
analyzed. The study confirmed a 1:1 relationship between books and journals are 
showed the diffuseness of the sources upon which childcare professional draw. 
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Although books were the most cited category individual books were rarely cited 
multiply. A care of journals was identified but child care journal is only fifth in 
frequency of citation after books, other journal, grey literature and other child 
oriented journals. As a result this analysis suggests that the child care profession 
in the U.K. is outward-looking, although almost wholly dependent on the 
English Language. 
Amit Kumar Bandyopadhyay'* (1996) conducted a study under the title 
"citation Analysis of Doctoral Dissertation in Mathematics Using dBase III+". 
The bibliometric study of the citations in 27 doctoral Dissertation in 
mathematics submitted at the Burdwan University from 1981-1990. The work of 
citation analysis determines the bibliographic forms, ranking of journals, 
normalized ranking based on corrected citation numbers. The results of citation 
study based on these references. Average references per page of thesis was 
found to be lowest in pure Mathematics (0.34%), more in applied mathematics 
(0.55%) and highest in statistics (0.61%). 
Mahendra V. Mete and P.P. Deshmukh'" (1996) conducted a study under the 
title "Citation analysis of Annals of Library Science and Documentation". The 
data was collected from the citation appearing in 202 articles published in 
Annals of Library Science and Documentation volume 31 to 40. The objectives 
of these study was that to find out the forms of documents, year-wise 
distribution, country-wise distribution and find out the core journal. The 
technique of citation analysis involves the process of collection, counting and 
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analysis and interpretation of citations. The study reveals that journals were most 
cited form of communication amongst the library and Information Science and 
Source Journal was the most cited publication. 
Meera Deshpande and Rajyalakshmi^ " (1997) conducted a study on "Citation 
study of Dissertation in Library and Information science". A study of 65 
dissertations in library and Information Science submitted to Nagpur University 
during the period 1990-94. The study reveals the majority of the works was in the 
field of literature. Survey the trends in various aspects of library and information 
science. The objectives of these study was that to find the types of cited sources 
materials, authorship pattern and chronological distribution of cited references. 
The study of these dissertations was also reveals that the data collection was 
dependent on the availability of the information from local libraries and 
information centers. 
S. Ally Sornam and Vijay Gopi^ ' (1998) conducted a study under the title 
"AIDS Literature: A citation Study". The major objectives of this study was (i) 
To study the authorship pattern (ii) To identify growth of journal citation (iii) To 
study the information on Aids-diagnosis (iv) To study the place of publication 
(v) To identify the key authors clusters. The study covers the AIDS journals 
literature output in English language for a period of five year, i.e. 1990-1994 
through MEDLARS to identify only journals citation in the area of Aids 
diagnosis. The study reveals that (i) Majority of the contributions were made by 
joint authors (ii) maximum number of 22 articles were contributed by two author 
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(20%) (iii) Growth in literature journal cited in 1990 is 1550 but in the year 
1994, 2050 journals were cited, (iv) First Aids case was reported in ime 1981 in 
USA. Literature out put on Aids-diagnosis from third world countries is very 
poor. 
P.K. Biirooach, D. Begum and N.N. Sharnia^ ^ (1999) conducted a study on 
"Bibliometric study of Doctoral Dissertation in Organic Chemistry submitted by 
S&T workers of RRL, JORHAT to evaluate the utility factor of the Library". 
The data was collected from the Bibliometric analysis on 4253 citations from 19 
theses. The objectives of the study were to identify the forms of documents 
mostly used, to find out a ranked list of highly cited title of journals, to derive 
the authorship pattern. It is observed that major citations were from journal 
literature. Among the citation from Journal literature majority are from foreign 
Journals. Journals from U.S.A., U.K. occupies premier position. 
Anup Kumar Das and B.K. Sen" (2000) conducted a study under the title 
"Indian Journal of Medical Research -analysis of citation pattern". The study 
analyses 781 citation appended to 43 research articles pertaining to January June 
2000 issues of vol. 109 of Indian Journal of Medical Research. The authorship 
paUern of citation shows that more than 15% contributions are single authored 
and about 85% are the result of teamwork. The team size of this field is bigger 
than those in the fields of chemistry and physics. Single authored article amount 
to 15.52%) of the total citations are about 28%) resulted through the collaboration 
of five or more authors of the citations 88.73%) pertain to journal article of the 
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citing articles 38 contributed by Indian authors, 3 by foreign authors and 2 
jointly by Indian and foreign authors of the total citation 9.40% were author self-
citation and 7.3% are journal self-citation. 
J.P. Singh, Ajeet K. Jha and Mohinder Singh^ '* (2001) conducted a study on 
"Various aspects of literature quantitative published in the field of Aerospace 
Science and Technology". A total 6752 numbers of citations published in all 12 
issues of AIAA journal of the year 2000 were analysed. Text format wise of 
distribution of citations indicates that researchers are mainly depend upon 
journal articles, book/monographs and technical reports of their scholarly 
communications. Ranked list of 415 title of journals shows that the journals 
published by the American Institute of Aeronautics and Astronautics are the 
backbone of any aerospace library /Information Centre. These occupy very 
prominent places in the ranked list of citations. The growth rate of the aerospace 
literature is calculated by arranging data in chronological order. Half-life of 
literature published in this field is years i.e. literature is doubling after years. 
Over 80% of citations cited by author are published after 1980. 
Bidyarthi Duttn and Others^ " (2002) conducted a study under the title "A 
comparative of citation pattern among eight scholarly journals published by 
National institute of Science Communication and Information Resources 
(NISCAIR)". The objective of the study was (i) to find out authorship pattern of 
cited reference that appeared in different journals; (ii) to find out types and 
distribution of publication figuring in cited reference in different journals (iii) to 
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draw a comparative scenario between India and foreign citation for different 
Journals; (iv) to draw a comparative scenario between authors self-citation and 
journal self-citation for different journals; (v) to draw a comparative scenario 
between journal self-citation and total number of citation for different journals. 
The study covers 2800 citation appended in 152 articles published in 2001 in 
eight scholarly journals of National Institute of Science Communication and 
Information Resources (NISCAIR). There are 7426 authors figuring in the 
citation. On average there are 18 citations per article and 3 authors per citation. 
The higher percentage of multi-authored citation clearly indicates the 
dominance of team research in the concerned fields. On average journal article 
accounts for about 79% of the citation. Monograph ranked second with a tally of 
about 12%. 'Indian journal of Marines Science' received high percentage of self-
citation compared to other. Whereas 'Indian Journal of chemistry' (section B) 
receives high percentage of author self-citation compared to others. Indian 
citation received by all journals figure only 10% on average. 
Joseph R. Kraus^ ^ (2002) conducted a study under the title "Citation patterns of 
advanced undergraduate students in biology, 2000-2002". Thirty-three 
undergraduate student papers in biology were presented at an annual symposium 
of undergraduate research at the University of Denver from 2000 to 2002 were 
evaluated. There were a total of 770 citations with an average of 23.3 citations 
per paper. It was determined that 76.2% the citations came from journal articles, 
16.4% from books or book chapters, 6.4% were to other miscellaneous sources, 
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and only 1.0% were to websites. Other findings include the top cited journals; 
the oldest cited journal articles-, the average age and range of books and journaJs, 
the type of miscellaneous sources cited, and the stability of the cited web sites. 
Scott Deleve^^ (2003) conducted a study on "A comparative citation analysis 
Mid-South law reviews". Several studies have compared the frequency of 
citation to Law reviews, comparing citation rates for all or most law reviews 
being published at time of the study. This article compares the citation rates of 
general law reviews published by seven public law schools in close geographic 
proximity. The result shows that citation rates are influenced by several factors, 
including whether articles published by the journal have a state or national focus, 
the subject matter of the articles and whether articles are published as part of 
symposia. 
Ruth Cordes^^ (2003) conducted a study the title "Is grey literature ever used? 
Using citation analysis to measure of GESAMP, an International marine 
scientific advisory body". Citation analysis was used to measure the impact of 
GESAMP, the joint group of Experts on the Scientific Aspects of Marine 
Environmental protection, which since 1969 has published reports for the UNs 
and seven of its agencies. Web of science was used to search for citations to 114 
publications, of which \5 are journal articles or books. Citations to gray 
literature can be difficult to locate and interpret, but two thirds of the 1436 
citations, in 1178 citing papers, are to grey literature items. Core journals for 
GESAMP citation include seven environmental science journals and a social 
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science journal. This paper confirms that citation searching can successfully 
measure the impact of organizations producing grey literature. Such publications 
can be very influential, diffusing widely from their source. 
Rose B. Okiy^ '"' (2003) conducted a study under the title "A citation analysis of 
education dissertation at the Delta State University, Abraka, Nigeria". A total of 
4012 citations in 70 post-graduate dissertations in education submitted to the 
Delta State University Library between 1992 and 2002 were studied. Most 
postgraduate students in education used more textbooks (60.3%), than other 
forms of library material. Four of the top ranked journals, including the most 
popularly used the West African Journal of Education (WAJE) are available in 
the library. A total of 12 (66.7%) of the 18 most popularly used journals are US 
publications, thus creating the need for Delta State University Library to 
improve its local journal collection of the 18 most cited journal. 6 (33.3%) 
ranked among the list of significant journals in the field of Education. 
Paul Kelsey and Tom Diamong^ " (2004) conducted a study under the title 
''Establishing a core list of journals for forestry: A citation analysis". Citations of 
articles published from 1990-2002 of faculty teaching at selected Southern 
Universities were counted and analyzed io form a core list of the most highly 
cited periodicals for the field of forestry. The core list was compared to the list 
of primary forestry periodicals compiled by the Cornell core Agricultural 
literature project. Core lists were also developed for professor, associate and 
assistant professors, and citation differences among the three groups were 
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analyzed. The study also categorized the periodicals cited by Agricola subject 
codes and provides the total percentage of publications appearing in periodicals 
assigned tbresliy codes and the percentage published in non-forestry periodicals. 
The study reveals that interdisciplinary periodicals play a significant role in the 
research conducted by forest science faculty. The analyses also provide a list of 
the cited periodicals containing the most publication from faculty chosen for the 
study, presents the results of the study and the methodology used in the analysis. 
Leo Egghe '^ (2004) conducted a study under the title "Solution of a problem of 
Buckland on the influence of obsolescence on scattering". In old paper [M.K. 
Buckland. Are obsolescence and scattering related? Journal of Documentation. 
28(3) (1972) 242-246]. Buckland poses the question if certain types of journal 
scattering (in terms of cited journals). This problem reformulated in terms of 
one-an two -dimensional obsolescence and linked with one-and two-
dimensional exponential growth (i.e. of the journals and of the articles in 
journals) implies Lotka's law, a law belonging to two-dimensional informatrics 
and describing scattering of literature in a concise way. In this way we obtain 
that exponential aging of journal citations and of article citations imply Lotka's 
law and a relation is given between the exponent in Lotka's law and the aging 
rates of the two obsolescence processes studied. 
Kristen B. Laboute-'^  (2005) conducted a study under the title "citation 
Analysis: a method for collection development for a rapidly developing field in 
which citation analysis was used to determine of the sciences-engineering library 
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at the California university at Santa Barbara is meeting the needs of an 
interdisciplinary group of 60 faculty members at the new California Nanosystem 
Institute. The latest three publication of each faculty member were analysed in 
two ways using science citation index (i) the periodicals they were published in 
(ii) the periodicals where the cited articles were published. The result indicates 
that library subscribes 98% of the periodicals in which faculty members are 
publisher or are citing frequently. This information is useful to map the citation 
patterns of a new interdisciplinary field and can be used for future collection 
management decisions. 
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CHAPTER-5 
DATA ANALYSIS, INTERPRETATION 
AND PRESENTATION 
The Doctoral Dissertations submitted in the Department of Statistics and 
Operations Research accepted by AMU, Aligarh during 1985-2005 has been 
taken as the source data for the present study. Citation analysis is the 
methodology chosen for the study, which is based on the 2266 bibliographic 
reference appended to the 24 Ph. D. theses. These citation stands as the baseline 
for the data analysis, interpretation and presentation. 
5.1 Distribution of Doctoral Dissertations Submitted in the Department 
of Statistics and O.R., AMU. 
Table-1 shows that in 'O.R.' most of the dissertations were submitted in 
the Department of Statistics and O.K. during 1985-2005. 6 out of 24, i.e. (25%) 
dissertations were submitted in 'O.R. followed by 'Mathematical programming', 
and Statistical inference i.e. both (16.7%) followed by Sampling theory and 
Stochastic process i.e. both (12.5%) followed by Information theory and 
Reliability theory i.e. both (8.3%). 
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TABLE - 1 : DISTRIBUTION OF SUBJECT 
S.No. 
1 
2 
3 
4 
5 
6 
7 
^ a i i k 
1 
2 
2 
3 
3 
4 
4 
Subject Area 
Operation Research 
Mathematical 
programming 
Statistical inference 
Sampling theory 
Stochastic process 
Inf. Theory 
Reliability theory 
Total 
No. of 
Submitted thesis 
during year 
1985-2005 
6 
4 
4 
3 
3 
2 
2 
24 
%age 
25 
16.7 
16.7 
12.5 
12.5 
8.3 
8.3 
100 
Cumu. 
%age 
25 
41.7 
58.4 
70.9 
83.4 
91.7 
100 
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Fig. 1. Distribution of Subject 
25% 
i 
16.7 16.7 
i 
12.5 12.5 
8 3 8.3 
Subject Area 
• OR 
• Sampling theory 
• Relia. Theory 
• Math. Prog. 
• Stochastic process 
• Stat. Inference 
• Inf. Theory 
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5.2 FORM-WISE DISTRIBUTION OF LITERATURE 
Information is available in a variety of forms, i.e., Journals, Books, 
Conference Proceeding, Theses etc. The main objective of this study is to find 
out most used form of source material. It will help the researchers to known the 
most dominant forms of document in which information is being produced on 
the subject. 
From Table -2 it is evident that the journals have the highest number of 
citations, accounting for 68.84 percent. It means that the researchers in the field 
of Statistics & O.R. are consulting this literature for the information used by 
them. Books are the second highest group 18 percent, followed by Ph.D. 
Thesis,(5.83%) followed by Conference Proceedings (2.78%), followed by 
Reviews (2.21%), followed by Reports (1.24%), and followed by M.Phil. 
Dissertations (0.93%) followed by web sources (0.18%)of the total respectively. 
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TABLE-2: FORM-WISE DISTRIBUTION 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
Name of Form 
Journals 
Books 
Ph.D. Thesis 
Conference Proceedings 
Reviews 
Reports 
M.Phil. Dissertations 
Web resources 
Total 
Freq. 
1560 
408 
132 
63 
50 
28 
21 
4 
2266 
%age of 
Frequency 
68.843 
18.005 
5.835 
2.780 
2.206 
1.235 
0.926 
0.176 
99.996-100 
Cummu. 
%age 
68.843 
86.848 
92.673 
95.453 
97.659 
98.894 
99.820 
99.996 
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Fig. 2. Form-wise Distribution of Literature 
1.23 j^^,^ T^n*^^^ 
Form of Literature 
D Journals 
D Ph. D Thesis 
• Reviews 
• M.Phil. Dissertations 
• Books 
D Conference Proceedings 
D Reports 
DWeb source 
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5.3 RANKING OF PERIODICALS BY FREQUENCY OF CITATION 
As the periodicals are important source of current information, they play a 
vital role in Scientific Communication. The periodicals that contribute most of 
the literature in a given field are Core Journals. Identification of Core Journals in 
Inc Subject under study will be useful from the point of view of researchers. The 
main aim of the present study is to identify the most important journals 
containing the most of the literature of research value in the field of statistics and 
O.R. 
In the collected data, 1560 out of 2266 reference appended to the Journals 
was ranked up to 26 '^' position. However, Table-3 lists only 112 periodicals, in 
which the frequency of occurrence of items is up to 3. The periodical with less 
than 3 items have not been considered. Table-3 shows that first rank was 
occupied by the journal titles 'Journal of American Statistics Association', 
which accounts for 5.38% of total references. Next five positions are occupied 
by Journals like 'J. Canada O.R. Society' (5.08%) 'EUR. J. Dpi. Res.' (4.16%) 
'Sankhya' (3.27%) 'Naval Research Logistic' (3.46%) 'J.O.R. Society Japan' 
(3.27%) and so on. 
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s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12 
13 
14. 
15. 
16. 
17. 
18. 
19. 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
11 
11 
12 
13 
14 
14 
15 
16 
TABLE-3: RANKING OF PERIODICALS 
Name of Journal 
J.Amer. State. Association 
J. Canada O.R. Society 
Eur. L Opi. Res. 
Sankhya 
Naval Research Logistic 
J. O.R. Society Japan 
Australian J. State 
SIAM J. Math Appl. 
BIOMETRICA 
METRON 
Redicai Statistics 
Aligarh J. States 
Econometrica 
Canadian J. Forest. Res. 
IEEE Inf. Theory 
IEEE Transaction 
Proc. Edinberg Stat. 
Society 
Economic Quality Control 
Metrica 
Country 
USA 
Canada 
USA 
India 
USA 
Japan 
Australia 
USA 
UK 
Italy 
UK 
India 
USA 
Canada 
USA 
USA 
UK 
Germany 
Neatherland 
Freq. 
84 
79 
65 
56 
54 
51 
46 
41 
40 
39 
37 
37 
37 
36 
35 
23 
23 
22 
17 
%age 
of 
Freq. 
5.38 
5.08 
4.17 
3.59 
3.46 
3.27 
2.95 
2.63 
2.56 
2.50 
2.37 
2.37 
2.37 
2.31 
2.24 
1.47 
1.47 
1.41 
1.09 
Cum. 
% 
age 
5.38 
10.46 
14.63 
18.22 
21.68 
24.95 
27.90 
30.53 
33.09 
35.59 
37.96 
40.33 
42.70 
45.01 
47.25 
48.72 
50.19 
51.60 
52.69 
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20. 
21. 
22. 
23. 
24. 
25. 
26. 
27 
28. 
29 
30. 
31. 
32. 
33 
34 
35. 
36 
37. 
38 
39 
40 
16 
16 
17 
18 
19 
19 
19 
19 
19 
19 
19 
19 
20 
21 
21 
21 
21 
22 
22 
22 
22 
SIAM J. of Control & Opt. 
J. of Market Res. Soc. 
J. of Multivariate Analysis 
Commun. Stat. Theory 
Math. 
J. Approx. Theory 
Biom. J. 
Istatistik 
Rend Circu. Math. Palemo 
Pakistani, of State. 
J. Stat. Plant & Infer. 
Ganita 
NewJ. ofStats. &0.R. 
J. Ind. Socio. Agri. Stats. 
J. Indian Stat. Assoc. 
lAPQR Transaction 
J. Combinatoric Inf. & 
System Sci. 
Ind. J. Tech. Edu. 
J. of Royal Soc. of Japan 
J. Sichuan Normal Univ. 
Czech Math. J. 
Acta Stat. Acade. Sci. 
USA 
USA 
USA 
USA 
USA 
Germany 
Turkey 
Neatherland 
Pakistan 
Neatherland 
India 
UK 
India 
India 
India 
India 
India 
Japan 
Japan 
Czech 
Republic 
Hungary 
17 
17 
15 
11 
10 
10 
10 
10 
10 
10 
10 
10 
9 
8 
8 
8 
8 
7 
7 
7 
7 
1.09 
1.09 
0.96 
0.70 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.57 
0.51 
0.51 
0.51 
0.51 
0.45 
0.45 
0.45 
0.45 
53.78 
5487 
55.83 
56.53 
57.17 
57.81 
58.45 
59.09 
5973 
60.37 
61.01 
61.65 
62.22 
62.73 
63.24 
63.75 
64.26 
64.71 
65.16 
65.61 
66.06 
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41 
42 
43. 
44. 
45 
46 
47 
48. 
49 
50 
51. 
52 
53 
54. 
55 
56. 
57. 
58. 
59 
60 
61. 
62 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
23 
24 
24 
24 
24 
24 
24 
24 
24 
24 
Tamkang J. Math. 
C.R. Acad. Sci. Paris 
Fuzzy Sets and System 
Fundamental Stat. 
J. of Social Stat. 
Australia and Newzeland 
J. of Slat. 
Kyushu J. of Math. 
J. Statistics Res. 
AISM 
Acta. Math. Hungary 
Asia Pacific J. ofO.R. 
India J. of Agri. Economy 
Canadian J. of Maths. 
Bulletin UMI 
Soviet Maths 
J. of Analysis 
Technometrics 
Soochow J, of Maths. 
Skand. Akt. 
J. Ind. Soc. Prob. State. 
Chinese J. of Stat. 
J. Stat. Tech. And Proc. 
Taiwan 
France 
Taiwan 
Poland 
Sweden 
UK 
Japan 
Bangladesh 
Japan 
Hungary 
Singapore 
India 
Canada 
Italy 
Russia 
Germany 
USA 
Taiwan 
Denmark 
India 
China 
Poland 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
0.45 
0.45 
0.45 
0.45 
0.45 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
66.51 
66.96 
67.41 
67.86 
68.31 
68.89 
69.07 
69.45 
69.83 
70.21 
70.59 
70.97 
71.35 
71.67 
71.99 
72.31 
72.63 
72.95 
73.27 
73.59 
73.91 
74.23 
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63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
24 
24 
24 
24 
24 
24 
24 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
J. of Stat. Vaisnic 
Bulletin Korean Stat. 
Cybernetics 
J. Royal Stat. Soc. 
Ann. Inst. Stat. Math. 
J. of Soc. Indus. App. 
J. Appl. Prob. 
Mgt. Sci. 
J. Comput. Math. 
J. Stat. Stud. 
J. Sci. Res. 
Bull. Inter. Stat. Inst. 
J. Math. Phy. 
Proc. Math. Soci. 
Ann. Math. Stat. 
J. Global Opti. 
Inter. J. of System Sci. 
J. Marketing 
J. of Acad, of Marketing 
Bull. Pure. & Appl. Sci. 
Math. Prov. 
J. of Textile Assoc. 
TQM 
Yugoslavia 
S. Korea 
USA 
USA 
India 
India 
Germany 
France 
Australia 
USA 
UK 
France 
Poland 
Singapore 
Spain 
India 
USA 
France 
France 
Spain 
UK 
Denmark 
Sweden 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
74.55 
74.87 
75.19 
75.51 
75.83 
76.15 
76.47 
76.72 
76.97 
77.22 
77.47 
77.72 
77.97 
78.22 
78.47 
78.72 
78.97 
79.22 
79.47 
79.72 
79.97 
80.22 
80.47 
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86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
25 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
Textile Indus. & Trade J. 
J. Inf. Opti. 
J. Agri, Sci. 
Indus. Eng. J. 
Micro Elec. Reli. 
Math. 0. R. 
J. Optimization 
J. of Engg. for Indus. 
J. of Royal College of 
Physician 
Colloq. Math. 
Interna. J. of Flexible 
Manu. 
J. of Quality In Main. 
Engg. 
IEEE Transactional Sig. 
and Processes 
J. of London Stat. Soc. 
JANANABHA Sect. A. 
Stat. J. Okayama Univ. 
Stat. & Compu. Modeling 
Doga Tr. J. Stat. 
Glosgow J. of Stat. 
Stat. Japonica 
India 
Australia 
India 
UK 
USA 
UK 
Australia 
UK 
USA 
Poland 
India 
Taiwan 
USA 
UK 
India 
Japan 
UK 
Taiwan 
Russia 
Japan 
4 
*> J 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0.25 
0,19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
80.72 
80.91 
81.10 
81.29 
81.48 
81.67 
81.86 
82.05 
82.24 
82.43 
82.62 
82.81 
83.00 
83.19 
83.38 
83.57 
83.76 
83.95 
84.14 
84.33 
98 
(Data JinaCysis, Interpretation and (Presentation 
106 
107 
108 
109 
110 
HI 
112 
232 
26 
26 
26 
26 
26 
26 
26 
Pacific J. Stat. 
Resultate Stat. 
Indag Stat. 
Bull. Calcutta Stat. Soc. 
Duke Stat. J. 
Lemgo Stat. J. 
Pargue Stat. J. 
Titles with 1 or 2 
citations 
Total 
USA 
UK 
Neatherland 
India 
UK 
Germany 
Czech 
Republic 
3 
3 
3 
3 
3 
3 
3 
120 
1560 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
14.10 
99.76 
84.52 
84.71 
84.90 
85.09 
85.28 
85.47 
85.66 
99.76 
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Fig. 3. Ranking of Periodicals 
Periodicals 
• J. Amer. Statistical Assoc. 
D Eur. J. OpI. Res. 
• Naval Res. Logistic 
B Others 
• J. Canada 0. R. Sec. 
D Sankhya 
DJ.O.R. Society Japan 
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5.4 DECADE-WISE DISTRIBUTION OF PERIODICALS 
It can be observed from Table-4 that nearly 51% of the citations were of 
the period ranging from 1982 to 2001. Document pertaining to earlier as period 
were cited less and latter period least. 
The Table-4 shows the maximum number of papers was published in the 
year 1992-2001, i.e., 415 (26.60%) papers and minimum appeared in the year 
1882-1891, i.e., 08(0.51%). 
TABLE -4: DECADE-WISE DISTRIBUTION OF PERIODICALS 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Period of 
Origin 
1882-1891 
1892-1901 
1902-1911 
1912-1921 
1922-1931 
1932-1941 
1942-1951 
1952-1961 
1962-1971 
1972-1981 
1982-1991 
1992-2001 
1 Total 1 
Frequency of 
Occurrence 
8 
14 
13 
20 
39 
46 
96 
119 
183 
231 
376 
415 
1560 
Percentage of 
Frequency 
0.51 
0.89 
0.83 
1.28 
2.50 
. 2.94 
6.15 
7.62 
1173 
14.80 
24.10 
26.60 
99.95 
Cumulative 
percentage 
0.51 
1.40 
2.23 
3.51 
6.01 
8.95 
15.10 
22.72 
34.45 
49.25 
73.35 
99.95 
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5.5 COUNTRY-WISE DISTRIBUTION OF PERIODICALS 
The countries of origin of all publication could not be ascertained from the 
citation themselves. These were obtained from Ulrich's International Periodicals 
Directory. 
Table-5 contains a list of 25 countries producing research material in 
statistics and O.R. These countries have been ranked on the basis on frequency 
of occurrence of items up to 21. It is observed that 30.83% of the total articles 
were published from USA only. This is followed by India, Canada, UK, Japan 
and Australia, which produce 13.46%, 11.41%, 11.41%, 6.98% and 5.32% 
research items respectively. 
The Analysis shows that most of the Aligarh Muslim University researches 
in Statistics «feO.R. uses the USA Journals. 
TABLE -5: COUNTRY-WISE DISTRIBUTION OF PERIODICALS 
S.No. 
1 
2 
o J 
4 
5 
6 
7 
8 
9 
10 
Rank 
1 
2 
' > J 
3 
4 
5 
6 
7 
8 
9 
Name of Country 
USA 
India 
Canada 
UK 
Japan 
Australia 
Italy 
Germany 
Netherland 
Taiwan 
%age of 
Frequency 
481 
210 
178 
117 
109 
83 
49 
45 
42 
26 
%age 
30.83 
13.46 
11.41 
11.41 
6.98 
5.32 
3.14 
2.88 
2.69 
1.66 
Cumulative 
%ofFreq. 
30.83 
44.29 
55.70 
67.11 
74.09 
79.41 
82.55 
85.43 
88.12 
8978 
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11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
19 
19 
20 
21 
21 
France 
Poland 
Singapore 
Turkey 
Hungary 
Czech Republic 
Pakistan 
Yugoslavia 
Russia 
Bangladesh 
China 
South Korea 
Spain 
Denmark 
Sweden 
Total 
23 
16 
15 
14 
13 
12 
10 
9 
8 
7 
7 
7 • 
6 
4 
4 
1560 
1.47 
1.02 
0.96 
0.89 
0.83 
0.76 
0.64 
0.57 
0.51 
0.45 
0.45 
0.45 
0.38 
0.25 
0.25 
99.66 
91.25 
92.27 
93.23 
94.12 
94.95 
99.71 
96.35 
96.92 
97.43 
97.88 
98.33 
98.78 
99.16 
99.41 
99.66 
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Fig. 5. Country Wise distribution of 
Periodicals 
20.35 
5.32 
30.83 
E3USA 
• Japan 
11.41 13.46 
• India DCanada DUK 
• Austrailia •Others 
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5.6 RANKING OF AUTHORS OF PAPERS-
These are a number of authors in every subject. However, some of the 
authors are known personalities in a given field. Therefore, it is important to 
know eminent staticians in the field of Statistic and O.R. This information is 
useful for the librarian as well as users. The name of authors and number of 
contribution are given in Table-6. From this analysis, 38 authors have 
contributed five or more papers to Statistic and O.R.. These 38 authors 
representing 5.4% of all the sources authors contributed 54.29% of the papers, 
which appeared in the theses. 
106 
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Table -6: RANKING OF AUTHORS OF PATENS 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1 
Ranks 
1 
2 
3 
4 
5 
6 
7 
8 
9 
9 
9 
9 
9 
10 
11 
12 
13 
14 
15 
Name of Author 
Neyman J. 
RajD. 
Fisher R.A 
Delmius T. 
Darbin J. 
Basu D. 
Wei, Z.X. 
Andrews L.C. 
Barnnett V. 
Tripathi T. P. and Khan S.U. 
David H.A. 
Bhattacharya P.K. 
Efron B. 
Galambos J. 
Yang S.S. 
Rosen J,B-
Sethi V.K. 
Wang C.L. 
Balasubramanium K. & Balakrishan N. 
Frequency 
54 
50 
45 
41 
39 
35 
34 
30 
25 
25 
25 
25 
25 
24 
23 
22 
15 
14 
10 
107 
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20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
15 
15 
16 
16 
17 
18 
18 
18 
18 
18 
19 
19 
19 
19 
20 
20 
20 
20 
20 
21 
21 
Erdelyi A. 
Rodriguez R.N. 
Mardia K.V. 
Todd M.J. 
Anderson T.W. 
Ahmad M.S. and Tripathi T.P. 
Adhvaryu D. 
Bethel J. 
Chang W.C. 
Edgenoirth F.Y, 
Ahmad M.S. Khan S.U & Tripathi T.P. 
Bowiey A.L. 
Hose C. 
Cochran G. 
Aoyama H. 
Begam A.A. & Khan A.H. 
Nagraja H.N. and David H.A. 
Sen P.K. 
RoyD. 
Tripathi T.P. 
Basket F., Chandy K.M., Munds R.R., & 
Placios F.G. 
10 
10 
9 
9 
8 
7 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
5 
5 
5 
4 
4 
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41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 • 
21 
21 
22 
22 
22 
22 
Szware W.. 
Takagi H. 
Weber R.R. 
Tsoucas, P. & Walrund J. 
Yamazaki G. & Sakasegawa H. 
ZhuY. 
Sing M.P. 
Benerjee B.P. 
Choo, Q.H. & Conolly B. 
Daduna H. 
Daduna H. & Stock K.E 
Finch P.D. 
Giglio R.J. & Waghner H.M. 
Jackson R.R.P. 
Khan S.U., Maggu P.L. & Mudawi M.H. 
Kaplan M. 
Lai T.L. and Yiang, Z. 
Kumar A. 
Alaike H.M. 
Suzuki T. 
Willemain T.R 
Veatch M.H. & Wain L.M. 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
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63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
. 81 
82 
83 
84 
85 
86 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
Baccelli F. 
Das A.K. & Tripathi T.P. 
Srivastava S.K. 
Khare B.B. 
Van de panne C & Winstan A. 
Odanake T. 
Kokan A.R. & Khan S.U. 
Delnius t. & Hodges J.L. 
Fukushima M. 
Murthy M.N. 
Khan M.G.M., Khan E.A., Jahan N. 
Aggarwal O.P. 
Ahmad M.S., AH M.A, Khan S.U., Tripathi, 
T.P. 
Arevesen 
Deming W.E. 
Isaki C.T. & Fuller W.A. 
Hidayat A.S. & Sinha B.K. 
Little R.E. 
Koop i.e. 
Olkin I. 
Maiti P. & Tripathi T.P. 
Quenouille M.H. 
Rubin D.B. 
Armitage P. 
3 
3 
3 
3 
3 
3 
3 
3 
3 
o J 
3 
3 
3 
3 
3 
3 
3 
3 
3 
- » J 
3 
3 
3 
3 
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87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
WuJ.S. 
Ahsan M.J. & Khan S.U. 
Fitzroy D.T. 
Wright S.J. 
Nolen J. 
King W.R. 
Thakur D. 
Alam S.N. & Sadia S. Ali 
Miyanjaki S. 
Jhonson S.M. 
TuiH. 
Rao S.S. 
Honthakkar H.S. 
Dakin R.J. 
Kannappan P.L. 
Rao C.R. 
Taneja I.J. 
Feinstein A. 
Sharma B.D. & Taneja I.J. 
Segal M. 
Rao T.J. 
Arshad M., Khan S.U. & Ahsan M.J. 
Fisher W.d. & Shruben L.W. 
Singaporwalla N.D. 
Zelen M. 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
111 
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112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
Mann N.R. 
Zangwill W.I. 
Sadagopan S. & A. Ravindram 
Land A.H. & Doig A.G. 
Chranes A, W.W. Cooper & E. Rhodes 
Bealc E.M.b. 
Longo G. 
Bar! A. 
Zahiruddin 
Kandal M.G. & Stuart A. 
Loeve M. 
Lin G.D. 
Abramsan N. 
Dorogzy Z. 
Josh! P.C. 
Soland R.M. 
Srikantan K.S. 
Taha Hardy 
Wolfe P. 
Martos B, 
Khachran C.S. 
Khan S.U., Islam & Jassim J. 
Colvite A.R. 
Falk J.E. & K.L. Haffman 
Box M.J. 
Abadie J. 
Louis T.A. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
112 
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139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
Boekee D.E. & Van Darlubbe J.C.A. 
Zwart P.B. 
Khan A.H., Yaqub M. and Pervez S. 
Khan A.H. & Abu Salih M.S. 
Weibuil W. 
AshR. 
Kendel M.G. and Stuart A. 
Marechal B. 
Huvvard P. 
Kelly J.E. 
Nichell S.J. 
Hogan A.J., Morris J.G. and Thomson H.E. 
Karmaker N. 
Sped Berg K. 
Swarup K. 
Gomory R.E. 
Horst R. 
Cabot V. 
Agerst LA. 
Chang C, Madan M.S. & Motwani J. 
Malhotra N. & Arora S.R. 
Jahan N., Khan M.G. & Ahsan M.J. 
Rastogi K.M. & Jaimi I.L. 
Shamimuddin 
Chang Alo, Luh & Richoux A.N. 
Wind Joran 
Nicosia Francescon 
Rocket A.M. & Stewan J.C. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
113 
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167 
168 
169 
170 
171 
172 
173 
1 
T 
699 
23 
23 
23 
23 
23 
23 
24 
24 
Fitzroy P.T. 
Man N.R., Schafer, R.E. & Singapurvvalla 
N.D. 
Rehman, Sirajur, Kamalullah & Kishan R. 
Murari K. & Goyal B. 
Subramaniam P & Ravichandran N. 
Lee T.K. 
Total 
Jiang Q. 
Zhoung, L., Buzocott J.A. and Liu. X.G. 
Total 
2 
2 
2 
2 
2 
2 
1033 
1 
1560 
699 authors producing total number of Contribution= 1560 
172 authors producing more than one paper = 1033 
527 authors contributing one papers = 527 
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IN 
5.7 AimiORSIllP PATTERN/RODIICINC PAPERS : _ 
The distribution of cited producing papers in periodicals according to the 
number of authors is shown in Table-7. A majority of the articles, i.e., 912 
(58.46%) have been produced by single author, followed by a team of two 
authors 352 (21.92%) articles, three authors 205 (13.14%) and more than three 
authors 101 (6.40%) respectively. 
IN 
Table-7: AUTHORSHIP PATTERN PRODUCING PAPERS 
S.No. 
1 
2 
4 
Rank 
1 
2 
3 
4 
Number of 
Authors 
1. 
2 
3 
More than 3 
Total 
Freq. Of 
Occur. 
912 
342 
205 
101 
1560 
%age of Freq. 
58.46 
21.92 
13.14 
6.40 
99.92-100 
Cummu. 
%of 
Freq. 
58.46 
80.38 
93.52 
99.92 
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0) 
o 
< 
Fig. 6. Authorship Pattern Producing Papers in 
Periodicals 
70 
60 
50 
40 
30 
20 
10 
0 
-
58.46 
1 
1 
21.92 
i 
i 
i 
J 
i 
i 
i 
13.14 
6.4 
B Single Author 
D Triple Author 
Authors 
• Double Author 
D More than 3 authors 
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5.8 LANGUAGE-WISE DISTRIBUTION OF PERIODICALS 
The TabIe-8 shows that the literature used by the researchers were 
completely in English language. 
TABLE -8: LANGUAGE-WISE DISTRIBUTION OF PERIODICALS 
Rank 
1 
Language 
English 
Frequency 
1560 
Voage of 
frequency 
100 
Cumulative 
%of 
Frequency 
100 
5.9 PLACE-WISE DISTRIBUTION OF PERIODICALS 
The place of origin of all publication could not be ascertained from the 
citation themselves. These were obtained from Uliich's International periodicals 
Directory. 
Table-9 contains a list of 64 places of publication producing research 
material on Statistics & O.R. . The places have been ranked on the basis of 
frequency of occurrence of items up to 37. It is observed that most cited 
publication place is New York i.e. 139 (8.9%) frequency occurrence of Journals, 
followed by San/)Iego, i.e., 108 (6.92%), Toronto, i.e., 82 (5.25%), London 79 
(5.06%) and Tokyo (4.23%) respectively. 
TABLE - 9: PLACE-WISE DISTRIBUTION OF PERIODICALS 
S.No. 
1 
2 
3 
4 
5 
Rank 
1 
2 
3 
4 
5 
Name of 
Place 
New York 
Sanj»iego 
Toronto 
London 
Tokyo 
Country 
USA 
USA 
Canada 
UK 
Japan. 
Freq. 
of 
Occur. 
139 
108 
82 
79 
66 
%age 
8.91 
6.92 
5.25 
5.06 
4.23 
Cummu. 
%of 
Freq. 
8.91 
15.83 
21.08 
26.14 
30.31 
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6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
16 
17 
18 
19 
20 
21 
22 
23 
23 
24 
25 
26 
27 
Province Rl 
Alberta 
Calcutta 
Philadelphia 
Sydney 
Baltimore 
Cambridge 
New Delhi 
Bangalore 
Oxford 
Washington 
D.C. 
Aligarh 
Osaka 
Milan 
Manitoba 
Paris 
Berlin 
Haidelberg 
Treista 
New Jersey 
Amsterdam 
Mysore 
Warsaw 
Perth 
USA 
Canada 
India 
USA 
Australia 
USA 
UK 
India 
India 
UK 
USA 
India 
Japan 
Italy 
Canada 
France 
Germany 
Germany 
Italy 
USA 
Neatherland 
India 
Poland 
Australia 
65 
63 
59 
54 
50 
49 
47 
45 
42 
40 
37 
37 
34 
29 
26 
25 
23 
21 
20 
20 
19 
17 
16 
15 
416 
4.03 
3.78 
3.46 
3.20 
3.14 
301 
288 
2.69 
2.56 
2.37 
2.37 
2.17 
1.85 
166 
1.60 
1.47 
1.34 
1.28 
1.28 
1.21 
1.08 
1.02 
0.96 
34.53 
38.56 
42.34 
45.80 
49.00 
52.14 
55.15 
58.03 
60.72 
63.28 
65.65 
68.02 
70.19 
72.04 
73.70 
75.00 
76.77 
78.11 
79.39 
80.67 
81.88 
82.96 
83.98 
84.94 
118 
(Data JinaCysis, Interpretation and (Presentation 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
1 47 
t — — . 
48 
49 
50 
51 
i — 
1 52 
1 
i 
27 
28 
28 
29 
30 
30 
30 
30 
30 
31 
32 
33 
33 
33 
33 
33 
34 
34 
34 
34 
35 
35 
36 
Singapore 
Taipei 
Dodrent 
Melbourne 
Allahabad 
Karachi 
Chushan 
Bussum 
Stistmbul 
Bregred 
Mascow 
Dhaka 
Beijing 
Soul 
Budapest 
Edinburg 
Darham 
Bercelon 
Szlonoke 
Kyoushu 
Ely 
Brno 
Osuava 
Singapore 
Taiwan 
Nealherland 
Australia 
India 
Pakistan 
Taiwan 
Neatherland 
Turkey 
Yugoslavia 
Russia 
Bangladesh 
China 
S. Korea 
Hungary 
UK 
UK 
Spain 
Hungary 
Japan 
UK 
Czech 
Republic 
Czech 
Republic 
15 
13 
13 
11 
10 
10 
10 
10 
10 
9 
8 
7 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
4 
0.96 
083 
0.83 
0.70 
0.64 
0.64 
0.64 
0.64 
0.64 
057 
0.51 
0.44 
0.44 
0.44 
0.44 
0.44 
0.38 
0.38 
038 
0.38 
032 
0.32 
0.25 
85.90 
86.73 
87.56 
88.26 
88.90 
89.54 
90.18 
90.82 
91.46 
92.03 
92.54 
92.98 
93.42 
93.86 
94.00 
94.74 
95.12 
95.50 
95.88 
96.26 
96.58 
96.90 
97.15 
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53 
54 
55 
56 
57 
1 58 
59 
60 
61 
62 
63 
64 
1 
1 
36 
36 
36 
36 
37 
37 
37 
37 
37 
37 
37 
37 
Ankcra 
Houbart 
Nunavent 
Avesta 
Copenhegan 
Santrancisco 
Ontario 
Okayama 
Brisbane 
Lemgo 
Tamsui 
Prague 
Total 
'i'urkey 
Australia 
Canada 
Sweden 
Denmark 
USA 
Canada 
Japan 
Australia 
Germany 
Taiwan 
Czech 
Republic 
4 
4 
4 
4 
4 
3 
3 
3 
^ J 
3 
3 
3 
1560 
0.25 
0.25 
0.25 
0.25 
0.25 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
99.73-100 
97.40 
97.65 
97.90 
98.15 
98.40 
98.59 
98.78 
98.97 
99.16 
99.35 
99.54 
99.73 
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Fig. 7. Place-wise Distribution of 
Periodicals 
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5.10 PUBLISHERS-WISE DISTRIBUTION OF PERIODICALS 
Tables-10 contain a list of publishers ranked on the basis of frequency of 
occurrence of items. It is observed that most cited publisher is American 
Statistical Assoc, i.e. 139 (8.91%) followed by Academic press, i.e., 108 
(6.92%), followed by O.R. Society, i.e., 83 (5.32%), followed by Canadian O.R. 
Society, i.e., 79 (5.06%) and Statistical publication company 61 (3.91%) 
respectively. 
TABLE -10: PUBLISHER-WISE DISTRIBUTION OF PERIODICALS 
S.No. 
1 
2 
3 
4 
5 
6 
i 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Rank 
1 
2 
3 
4 
5 
6 
7 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Name of Publishers 
American Statistical Assoc. 
Academic Press 
O.R. Society 
Canadian O.R. Society 
Statistical Pub. Co. 
Kluwar Academic 
Jokn Hopkins University 
Japan O.R. Society 
Cambridae University Press 
Australian Society of stats 
Oxford University Press 
Academic - Verlad 
AMU Publication 
Blackwell 
Natural publishing group 
Plenum Pubh"shers 
Freq. of 
Occur. 
139 
108 
83 
79 
61 
54 
51 ^ 
51 
48 
44 
42 
38 
37 
33 
30 
26 
%age 
8.91 
6.92 
5.32 
5.06 
3.91 
3.46 
3.26 
3.26 
3.07 
2.82 
2.69 
2.43 
2.37 
2.11 
1.92 
1.66 
... 
Cunimu. 
%of 
Freq. 
8.91 
15.83 
21.15 
26.21 
30.12 
33.58 
36.84 
40.10 
43.17 
45.99 
48.68 
51.11 
53.48 
55.59 
57.51 
59.17 
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
15 
16 
17 
18 
18 
19 
19 
20 
21 
22 
23 
24 
24 
25 
25 
26 
26 
27 
28 
28 
28 
28 
28 
29 
Elsevier Science 
Hilderman Verlag 
Brookings Int. Press 
IMF. 
Springer Verlag 
Science Press 
International Press 
McGrawHill 
Harword University Press 
Marcel Dekker 
Polish Scientific Publisher 
Warsawa 
Singapore publication 
North Holand 
Palgrave MacMillan 
Korea Society Stats 
Brill Academic 
University of Toronto Press 
Institute of Math Stats. 
Karachi University press 
Bharat Ganita Parishad 
Indian Statistical Assoc. 
Humana Press 
Pushpa Pub. House 
Hindawi Publisher 
26 
25 
24 
23 
23 
22 
22 
21 
20 
18 
16 
15 
15 
14 
14 
13 
13 
11 
10 
10 
10 
10 
10 
9 
1.66 
1.60 
1.53 
1.47 
1.47 
1.41 
1.41 
1.34 
1.28 
1.15 
102 
0.96 
0.96 
0.89 
0.89 
0.83 
0.83 
0.70 
0.64 
0.64 
0.64 
0.64 
0.64 
0.57 
60.83 
62.43 
63.96 
65.43 
66.90 
68.31 
69.72 
71.06 
72.34 
73.49 
74.51 
75.47 
76.43 
77.32 
78.21 
79.04 
79.87 
80.57 
81.21 
81.85 
82.49 
83.13 
83.77 
84.34 
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41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
154 
29 
30 
30 
31 
31 
32 
32 
33 
33 
33 
34 
34 
34 
34 
35 
35 
35 
35 
35 
35 
Jhon Wiley 
Charles Griffin & Co. 
Project Morse 
Tamkang Univ. Flora chia-1 
Chang 
Anamaya Publication 
Heath & Co. 
Univ. Autonomer Bercelona 
Macmillan 
Univ. Karloa 
Soochow Univ. Press 
Mcser)' Kora Univ. 
Polishkia Akedemia Nauk 
Textile Assoc. 
Addition Wisley 
Kinokinya Pub. 
Ph>'sica Verlag 
Koba Univ. 
Okayama Univ. press 
Chapman & Hall 
Title with 1 and 2 citations 
Total 
9 
8 
8 
7 
7 
6 
6 
5 
5 
5 
4 
4 
4 
4 
3 
3 
3 
3 
3 
145 
1560 
0.57 
0.51 
0.51 
0.44 
0.44 
0.38 
0.38 
0.32 
0.32 
0.32 
0.25 
0.25 
0.25 
0.25 
0.19 
0.19 
0.19 
0.19 
0.19 
9.29 
99.77 
84.91 
85.42 
85.93 
86.37 
86.81 
87.19 
87.57 
87.89 
88.21 
88.53 
88.78 
89.03 
89.28 
89.53 
89.72 
89.91 
90.10 
90.29 
90.48 
99.77 
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Fig. 8. Publisher-wise Distribution of 
Periodicals 
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DO.R. Soc. 
• Statistical Pub. Co. 
• Others 
• Academic Press 
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D Kluwar Academic 
125 
(DataJ^naCysis, Interpretation ancf (Presentation 
5.11 RANKING OF AUTHORS OF BOOKS 
There are number of authors hi every subjects, however, some of the 
authors are well known personalities in a given Held. Therefore, it is important 
to know the eminent Staticians in the field of Statistics and O.R. This 
information is useful for the libraries as well as user. The names of authors and 
number of contribution are given in Table-11. 
TABLE -11: RANKING OF AUTHORS OF BOOKS 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Rank 
1 
2 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
6 
6 
6 
Name of Author 
Cochran W.G. 
Dantzig G.B. 
Teichrow D. 
Haadley G. 
Dorn W.S. 
Markowitz H. 
Mittal K.V. 
Taha H.A. 
RajD. 
Clark Colin 
Hillier F.& Lieberman G. 
Mustafi C. K. 
Ackoff R.C.& Saseinion W. 
White D.J. 
Wright S. J., W.L. Winter & S.K. Zeigler 
Frequency 
10 
8 
7 
6 
6 
6 
5 
5 
5 
4 
4 
4 
4 
4 
4 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Thakur D. 
Lenarci M.C. 
Kraft 0. 
Jhonson R.C. 
Kokan A.R. 
Miller A.C. 
Shooman M.C. 
Pearson K. 
Lehman E.L. 
Boderson L. 
Balakrishnan L.& Cohen A.C. 
Jhonson N. C. & Kotz S. 
Sinha S.K. 
Mardia K.V.& Zemrock P.J. 
Bellman R. E. 
Ignlzio J.P. & Kavalier T.M. 
Simon H.A. 
Kimothi P.D. 
KirbyM.J.L. 
Murthy K.G. 
Salkin H.M. 
Karmakr N.,Logaris J.,Siutsman L.&Wang P. 
Fitzroy P.T. 
Wind Joran 
Koyek L.M. 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
127 
(DataJlnaCysis, Interpretation ancC(Presentation 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
— • ' - - • 
Robertson Thomas S. & ScoUward 
Kotter P.,S.Armstrong,].Sunders &V. Wang 
Londen D.L.,Albert j.,&Della Beta 
Nicosia,Franseco M. 
Erdelyi ,Magnus W.,Oberhettinga F.& Tricomic 
F.S. 
Mardia K.V. 
Tuitle Alva M. 
Bowley,Arthur L. 
Walker,Helen M. 
Nagar,A.L. 
David H.A. 
Elhance D.N. 
Garreil,Henry E. 
Goon A.M. 
Hog,RobertV. 
Gupta C.B. 
Levin Richard I. 
Siiler.Fredrick S. 
Kapur S.K. 
Wilks.Samuel S. 
RaoC. Radhakrishna 
Box J.F. 
Groves R.M. 
Hansen M.H.,Hurvvitz W.N. & Madow W.G. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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65 
66 
67 
6 8 
271 
8 
8 
8 
^ 
9 
9 
Yates F. 
Gupla S.C.& Kapoor V.K. 
Jessen R.J. 
Total 
Jagjeet Singh 
Siegel S. & Sydney H. 
Total 
2 
2 
2 
204 
1 
T 
1 
408 
271 authors contributing total No. Of Books =408 
67 authors producing more than one books = 204 
114 authors producing one book = 204 
5.12 AUTHORSHIP PATTERN PRODUCING BOOKS 
The distribution of cited producing books according to the number of 
authors is shown in Table-12. A majority of the booics, i.e. 240 (58.82%) have 
been contributed by single Author, followed by a team of two authors, i.e., 125 
(30.63%) books, followed by three authors, i.e., 36 (8.82%) books and more than 
three authors, i.e., 7 (1.71%) books respectively. 
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TABLE-12: AUTHORSHIP PATTERN PRODUCING BOOKS 
S.No. 
I 
2 
-> J 
4 
Rank 
1 
2 
3 
4 
Number of 
Authors 
1 
2 
3 
More than 3 
Total 
Frequency 
240 
125 
36 
7 
408 
%age of 
frequency 
58.82 
30.63 
8.82 
1.71 
99.98-100 
Cumulative 
%of 
Frequency 
58.82 
89.45 
98.47 
99.98 
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Fig. 9. Authorship Pattern Producing 
Books 
8.82 1-71 
30.63 58.82 
E3 Single Author 
D Triple Author 
B Double Author 
D More than 3 authors 
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5.13 DECADE-WISE DISTRIBUTION OF BOOKS 
It can be observed from Table-13 that nearly 53% of the citations were of 
the period ranging from 1978 to 1997. The TabIe-13 showed the maximum 
number of books was published in the year 1986-1997, i.e., 125 (30.63%) books 
and minimum appeared in the year 1918-1927, i.e., 10 (2.45%). 
TABLE -13: DECADE-WISE DISTRIBUTIO OF BOOKS 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
Period of 
Origin 
1918-1927 
1928-1937 
1938-1947 
1948-1957 
1958-1967 
1968-1977 
1978-1987 
1988-1997 
Total 
Freq of 
Occur. 
10 
15 
26 
37 
40 
62 
93 
125 
408 
%age of 
Freq. 
2.45 
3.67 
6.37 
9.06 
9.80 
15.19 
22.79 
30.63 
99.96-100 
Cumu. 
% of Freq. 
2.45 
6.12 
12.49 
21.55 
31.35 
46.54 
69.33 
99.96 
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5.14 LANGUAGE-WISE DISTRIBUTION OF BOOKS 
The Table-14 shows that the literature used by researchers were 
completely in English language. 
TABLE '14: LANGUAGE-WISE DISTRIBUTION OF BOOKS 
Rnnk 
1 
Period of Origin 
English 
Freq of 
Occur. 
408 
%age of 
Freq. 
100 
Cuniu. 
% of Freq. 
100 
5.15 COUNTRY-WISE DISTRIBUTION OF BOOKS 
Table-15 contains a list of 13 countries producing research material in 
Statistics &. O.K. These countries have been ranked on the basis of frequency of 
items upto 12. It has been found that 115 (28.18%) of Books were produced by 
USA, whereas India, UK and Germany are the next three countries each 
covering, 76 (18.62%), 59 (14.46%) and 36 (8.82%) of Books respectively. 
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TABLE -15: COUNTRY-WISE DISTRIBUTION OF BOOKS 
S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10 
11 
12 
Name of 
Country 
USA 
India 
UK 
Germany 
France 
Australia 
Poland 
Canada 
Nether land 
Japan 
Russia 
China 
Singapore 
Total 
Freq. of 
Occur. 
115 
76 
59 
36 
32 
28 
22 
18 
7 
5 
5 
3 
2 
408 
%age 
of Freq. 
28.18 
18.62 
14.46 
8.82 
7.84 
6.86 
5.39 
4.41 
1.71 
1.22 
1.22 
0.73 
0.49 
99.95-100 
Cumu. 
% age of 
Freq. 
28.18 
46.80 
61.26 
70.08 
77.92 
84.78 
90.17 
94.58 
96.29 
97.51 
98.73 
99.46 
99.95 
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Fig. 11. Country-wise Distribution of 
Books 
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5.16 PUBLICATION PLACE-WISE DISTRIBUTION OF BOOKS 
Table -16 contains a list of 33 place of publication of books in Statistics 
«fe O.R. The Places have been ranked on the basis of frequency of ocurrence of 
items up to 18. It is observed that most of the books are published from New 
York, i.e. 54(13.23%), followed by Philadelphia i.e., 49 (12%), followed by New 
Delhi i.e. 43 (10.53%), followed by London i.e. 34 (8.3%) and so on. 
TABLE -16: PUBLICATION PLACE WISE DISTRIBUTION OF BOOKS 
S.No. 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
Rank 
1 
2 
3 
4 
5 
6 
7 
7 
8 
9 
9 
Name of 
Place 
New York 
Philadelphia 
New Delhi 
London 
Paris 
Warsaw 
Berlin 
Perth 
Heidelberg 
Bombay 
Hyderabad 
Country 
USA 
USA 
India 
UK 
France 
Poland 
Germany 
Australia 
Germany 
India 
India 
Freq of 
Occur. 
54 
49 
43 
34 
32 
22 
19 
19 
17 
13 
13 
%age 
of 
Freq. 
13.23 
12.00 
10.53 
8.3 
7.84 
5.39 
4.65 
4.65 
4.16 
3.18 
3.18 
Cumu. 
%of 
Freq. 
13.23 
25.23 
35.76 
44.06 
51.90 
57.29 
61.94 
66.59 
70.75 
73.93 
77.11 
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12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
1 
1 
1 
10 
10 
11 
12 
12 
13 
14 
14 
14 
15 
15 
16 
16 
17 
17 
17 
17 
17 
Oxtbrd 
Manitoba 
Darham 
Washington 
D.C. 
Alberta 
Sydney 
Florida 
Edinburgh 
Amsterdam 
Melbourne 
Tokyo 
Agra 
Moscow 
Meerut 
Bussum 
Kazan 
Beijing 
Singapore 
UK 
Canada 
UK 
USA 
Canada 
Australia 
USA 
UK 
Neatherland 
Australia 
Japan 
India 
Russia 
India 
Neatherland 
Russia 
China 
Singapore 
11 
11 
8 
7 
7 
6 
5 
5 
5 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2.69 
2.69 
1.96 
1.71 
1.71 
1.47 
1.22 
1.22 
1.22 
0.98 
0.98 
073 
0.73 
0.49 
0.49 
0.49 
0.49 
049 
79.8 
82.49 
84.45 
86.16 
8787 
89.34 
90.56 
91.78 
93.00 
93.98 
94.96 
95.69 
96.42 
96.91 
97.40 
97.89 
98.39 
98.87 
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30 
31 
32 
33 
18 
18 
18 
18 
Madras 
Toronto 
Osaka 
Hong Kong 
India 
Canada 
Japan 
China 
Total 
1 
1 
1 
1 
408 
024 
024 
0.24 
0.24 
99.83 
99.11 
99.35 
99.59 
99.83 
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Fig. 12. Place-wise Distribution of 
Books 
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5.17 PUBLISHER-WISE DISTRIBUTION OF BOOKS 
Table-17 contains a list of publishers publishing books in Statistics & 
O.R. The publishers have been ranked on the basis of frequency of occurrence of 
items up to 19. It is observed that maximum books have been published by 
Springer-Verlag, i.e., 42 (10.29%), followed by Academic Press i.e. 38 (8.33%) 
and Wiley Eastern i.e. 34 (8.33%) of books published respectively. 
TABLE -17: PUBLISHER-WISE DISTRIBUTION OF BOOKS 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
; 15 
t 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
8 
9 
10 
10 
11 
12 
13 
Name of Publisher 
Springer verlag 
Academic press 
Wiley Eastern 
Mc Gravvhill 
Polish scientific Warsaw 
John Wiley 
Kluwar academic 
GUP 
Cambridge Univ. press 
CRC press 
Tata Mc Grawhid 
Penguin Books 
Prentice hall 
Sultan chand & sons 
Clarendon press 
Freq. 
of 
Occur. 
42 
38 
34 
23 
22 
18 
16 
15 
15 
13 
12 
12 
11 
10 
9 
%age of 
Freq. 
10.29 
9.31 
8.33 
5.63 
5.39 
4.41 
3.92 
3.67 
3.67 
3.18 
2.94 
2.94 
2.69 
2.45 
2.20 
Cuniu 
%of 
Freq. 
10.29 
19.60 
27.93 
33.56 
38.95 
43.36 
47.28 
50.95 
54.62 
57.80 
60.74 
63.68 
66.37 
68.82 
71.02 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
14 
15 
15 
16 
17 
17 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
Gawthiers villars 
Univ. Chicago press 
Macmillan 
Biskhauser 
North Holland 
Marcel dekker 
Halsted press 
Princeton Univ. press 
Anamaya pub. 
STAM 
Civil & military gazette 
Dover 
Elsvier sci. 
Nauka 
Plenum 
World scientific press 
Holen day 
Asia pub. 
Scott tbrseman 
6 
5 
5 
4 
36 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1.47 
1.22 
1.22 
0.98 
0.73 
0.73 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
72.49 
73.71 
74.93 
75.91 
76.64 
77.37 
77.86 
78.35 
78.84 
79.33 
79.82 
80.31 
80.80 
81.29 
81.78 
82.27 
82.76 
83.25 
83.74 
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35 
36 
37 
38 
39 
40 
41 
42 
92 
18 
18 
18 
18 
18 
18 
18 
18 
19 
Pergamon press 
Charles Griffin 
Mcdonals & Evans 
Agra book store 
Kinokinya book store 
Raduga pub. 
Raduga pub. 
Blaisedoll pub. co. 
Title with one citation 
Total 
2 
2 
2 
2 
2 
2 
2 
2 
50 
408 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
12.25 
100 
84.23 
84.72 
85.21 
85.70 
86.19 
86.88 
87.17 
87.66 
99.91 
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Fig. 13. Publisher-wise Distriobution 
of Books 
56.55 
10.29 
8.33 
4.41 
• Springer-Verlag 
D Wiley Eastern 
•Academic Press 
DMcGrawHill 
• Polish Scientific Warsava DJohn Wiley 
• Others 
144 
ChaptGr-6 
Findings and 
Conciusion 
finding cZ ConcCusion 
CHAPTER-6 
FINDINGS AND CONCLUSION 
6.1 FINDINGS OF THE STUDY 
The following are the major findings of this study: 
1. The maximum numbers of Dissertations are submitted by the 
researchers in O.R. i.e. 6 (25%) and the minimum dissertations are 
submitted in Inf. Theory & Reliability Theory i.e. 2 (8.3%) in each 
during the period 1985-2005. 
2. The researchers in the field of Statistics & O.R. are consulting 
•Journals', which have the highest number of citations, accounting for 
68,84% of the total , books are the second highest group (18%), 
followed by Ph.D. theses, Conference Proceedings, Reviews, Reports 
and M. Phil. Dissertations and web sources respectively. 
3. A rank list of Journals, first 112 most cited journals with a minimum of 
3 citations has been given which accounts for 85.66% of total journals 
literature. The remaining 14.34% are contributed by as many as 120 
Journals. 'Journal of American Statistical Assoc' occupied the first 
position with the highest citation number i.e. 84 (5.38%). 
4. The maximum number of papers is published in the decade 1992-2001, 
i.e. 415 (26.60%) papers and minimum appeared in the decade 1882-
1891, i.e. 08 (0.51%) papers. 
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5. Most productive country of journal is USA, i.e. 481 (30.83%), which 
has the highest number of citations, followed by India, i.e. 210 (13.46%) 
and Canada 17 8( 11.41 %) respectively. 
6. Rank list of authors name indicates that maximum articles were 
contributed by Neyman J., i.e., 54 (3.46%). There are only 172(24.60%) 
authors whose name occurred more than once and the 527 (75.39%) 
occurred only once. 
7. The majority of the producing papers in periodicals is of single authors 
i.e. 912 (58.46%) followed by a team of two authors i.e. 342 (21.92%), 
followed by a team of three authors i.e. 205 (13.14%) and followed by a 
team of more than three authors i.e. 101 (6.40%) respectively. 
8. Periodicals used by the researchers were completely in English 
language, i.e., 100%. 
9. A rank list of publication place producing Journals in the statistics & 
O.R. Most productive place of journals is New York i.e. 139 (8.91%), 
followed by San Diego i.e. 108 (6.92%), followed by Toronto i.e. 82 
(5.25%) followed by London i.e. 79 (5.06%) and Tokyo i.e. 66(4.23%) 
respectively. 
10. A rank list of publisher producing periodicals in Statistics & O.R. Most 
productive publishers of Journals is American Statistical Assoc, i.e. 
139(8.91%) followed by Academic press i.e. 108 (6.92%), followed by 
O.R. Society i.e. 83(5.32%), folloxved by Canadian O.R. Society i.e. 79 
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(5.06%) and Statistical Pub. co. i.e. 61(3.91%) respectively. 
11. Rank list of authors name indicates the maximum books were 
contributed by Cochran W.G, i.e. JO (2.45%), There are only 67 
(24.72%) authors whose name occurred more than once and the rest 204 
(75.27%) occurred only once. 
12. The majority of the books, i.e. 240 (58.82%) have been produced by 
single authors, followed by a team of two authors, i.e. 125 (30.63%) and 
so on. 
13. The maximum number of books are published in the decade 1988-1997, 
i.e. 125 (30.63%) and minimum in the decade 1918-1927 i.e., 
10(2.45%). 
14. Books used by the researchers were completely in English language, 
i.e., 100% 
15. Most productive country of Books is USA. i.e., 115 (28.18%) that have 
the highest number of citations, followed by India i.e. 76(18.62%). 
16. A rank list of publication place producing books in the field of Statistics 
& O.R. Most productive place of books is New York i.e. 54 (13.23%). 
17. A rank list of publisher producing books in the field of Statistics &0.R.. 
Most productive publisher of book is Springer-Verlag i.e. 42 (10.29%;. 
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6.2 TENABILITY OF HYPOTHESES 
HYPOTHESIS 1 
/// '0,R.' most of Dissertations have been submitted. 
Table-1 reveals that during 1985-2005 most of the dissertations were 
submitted in 'O.R.' by the researchers, which accounts for i.e. 6 (25%). 
Hence hypothesis is proved. 
HYPOYHESIS 2 
The researchers in the field of Statistics & O.R. are mainly consulting 
'Journals'. 
Table-2 reveals that the journals have the highest number of citations, 
accounting for 68.84% of total citations. Hence hypothesis is proved. 
HYPOTHESIS 3 
The most cited journal is 'J. of American Statistical Assoc.' 
Table-3 reveals that the 'J. of American Statistical Assoc' occupied the 
first position with the highest citations i.e. 84 (5.38%). Hence 
Hypothesis is proved. 
HYPOTHESIS 4 
Most of the Journals were taken from 199?'2001. 
Table-4 reveals that the most of the journals were taken from 1992-
200hvhich have the highest frequency i.e. 383 (24.42%). Hence 
hypothesis is proved. 
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HYPOTHESIS 5 
Most productive country of periodicals is USA. 
Table-5 reveals that USA occupied the first rank with highest frequency 
i.e.48l (30.83%). Hence Hypothesis is proved. 
HYPOTHSIS 6 
Mast productive author of periodical is Neyinan J. 
Table«6 reveals that the most productive author is Neyman J. having 54 
{3.2)2%) citations. Hence hypothesis is proved. 
HYPOTHESIS 7 
The majority of the papers have been producing by the Single Authors. 
Table-? reveals that the majority of papers i.e.912 (58.46%) have been 
produced by Single Authors. Hence hypothesis is proved. 
HYPOTHESISE 
Periodicals used by the researcliers were completely in English 
language. 
Table-8 reveals that the periodicals used by the researchers were 
completely in English Language i.e. 100%. Hence hypothesis is proved. 
HYPOTHESIS 9 
Most productive Publication place is New York. 
Table.9 reveals that the most productive publication place is New York 
i.e. 139 (8.91%). Hence hypothesis is proved. 
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HYPOTHESIS 10 
Most productive publisher of periodicals is American Statistical 
Assoc. 
Table-10 shows hat the most productive publisher is American Statistical 
assoc. i.e. 139 (8.91%). Hence hypothesis is proved. 
HYPOTHESIS n 
Most productive author of book is Cochran W.G. 
Table -11 shows that the most productive author is Cochran W.G. i.e., 10 
(2.45%). Hence hypothesis is proved. 
HYOTHESIS 12 
Single authors have produced the majority of the books. 
Table-12 reveals that the majority of books have been produced by single 
authors i.e.240 (58.82%). Hence hypothesis is proved. 
Hypothesis 13 
Most of the Books were taken from 1988-1997. 
It is clear from Table -13 the most of the books were taken from 1988-
1997, which has the highest frequency i.e. 125(30.63%). Hence 
hypothesis is proved. 
HYPOTHESIS 14 
Books used by researchers were completely in English language. 
Table-14 shows that the books used by researchers were completely in 
English language, i.e., 100%. Hence hypothesis is proved. 
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HYPOTHESIS 15 
Most productive country of Books is USA. 
Table-15 reveals that the most productive country of books is USA, i.e. 
115 (28.18%). Hence hypothesis is proved. 
HYPOTHESIS 16 
Most productive publication place of books is New York. 
Table-16 shows that the most productive publication place of Books is 
New York i.e. 54 (13.23%). Hence hypothesis is proved. 
HYPOTHEIS 17 
Most productive publisher of Books is Springer-Verlag. 
Table-17 shows that he most productive publisher of Books is Springer-
Verlag, i.e., 42 (10.29%). Hence hypothesis is proved. 
6.3 Conclusion 
Citation analysis is a tool of bibliometric study of literature based 
upon some degree of relationship between citing and cited articles or 
documents. It is an analysis of documents, journal, author, publication, 
year etc., which is used by citing author. It is established relationship 
between citing and cited articles or documents. 
Today, citation analysis is more important for scientists because it 
is a prepared list of frequency of citation and gives more emphasis on the 
subscription of journals and documents. 
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